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ABSTRACT
POPULATION ECOLOGY AND PRODUCTION OF THE SANDY-BEACH 
AMPHIPOD HAUSTORIUS CANADENSIS (CRUSTACEA: HAUSTORIIDAE)
by
THEODORE E. DONN, JR.
U n i v e r s i t y  o f  New H am psh i re ,  December,  1983
W hi le  much i s  known c o n c e r n i n g  t h e  s t r u c t u r e  o f  t h e  am ph ipod -  
d o m i n a t e d  m a r i n e  s a n d y - b e a c h  c o m m u n i t i e s  a lo n g  t h e  A t l a n t i c  c o a s t  o f  t h e  
U n i t e d  S t a t e s ,  l i t t l e  i s  known a b o u t  t h e  f u n c t i o n a l  r e l a t i o n s h i p s  w i t h i n  
them. The g o a l  o f  t h i s  s t u d y  was t o  d e t e r m i n e  t h e  s e a s o n a l  t r o p h i c  
dynam ics  and l i f e  h i s t o r y  o f  t h e  s a n d y - b e a c h  amphipod H a u s t o r i u s  
cana dens  i s  i n  o r d e r  t o  g a i n  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  f u n c t i o n i n g  o f  
n o r t h e r n  New England  s a n d y - b e a c h  c o m m u n i t i e s .  H a u s t o r i u s  c a n a d e n s i s  i s  
one o f  t h e  t h r e e  d o m in a n t  am phipods  on t h e s e  b e a c h e s  and r e m a i n s  
s t r i c t l y  i n t e r t i d a l  t h r o u g h o u t  t h e  y e a r  making i t  an i d e a l  o r g a n i s m  f o r  
t h i s  s t u d y .  The s i t e  c h o s e n  f o r  t h i s  s t u d y  was Long Sands Beach i n  t h e  
town o f  York,  Maine ,  w he re  IL_ canadens  i s  m a i n t a i n s  an a v e r a g e  abundance  
o f  a p p r o x i m a t e l y  35000 m~^ o f  b e a c h  f r o n t .  The p o p u l a t i o n  was sam p led  
m o n th ly  f rom  November,  1978 t h r o u g h  J u n e ,  1982 u s i n g  a m o d i f i e d  
s t r a t i f i e d  random d e s i g n .  D ur ing  t h e  f i r s t  two summers o f  t h e  s t u d y  t h e  
s a m p l in g  f r e q u e n c y  was i n c r e a s e d  t o  b i w e e k l y  t o  g a i n  a more  c o m p l e t e  
p i c t u r e  o f  t h e  r e p r o d u c t i v e  dynam ics  o f  t h e  amphipod.  I n  a d d i t i o n ,  24 
months  o f  d a t a  on t h e  r e l a t i o n s h i p  o f  l e n g t h  and w e i g h t ,  and 14 months  of  
d a t a  on c a l o r i c  c o n t e n t  w e re  o b t a i n e d .  H a u s t o r i u s  c a n a d e n s i s  e x h i b i t s  a 
mixed a n n u a l / b i a n n u a l  l i f e  h i s t o r y  i n  n o r t h e r n  New Eng land  as  compared
ix
t o  an a n n u a l  l i f e  h i s t o r y  s o u t h  o f  Cape Cod, M a s s a c h u e t t s .  The 
d i f f e r e n c e  i n  t e m p e r a t u r e  r e g i m e s  i s  s u g g e s t e d  a s  t h e  c a u s e  o f  t h i s  
change  i n  l i f e  h i s t o r y  p a t t e r n .  The c a l o r i c  c o n t e n t  o f  m a le  H. 
c a n a d e n s i s  shows a s e a s o n a l  c y c l e ,  p e a k i n g  in  l a t e  summer,  w h i l e  t h e  
f e m a l e s  do n o t  e x h i b i t  a c y c l e .  I t  i s  h y p o t h e s i z e d  t h a t  t h e  m a le  c y c l e  
i s  due t o  t h e  i n c r e a s e d  p r o d u c t i v i t y  o f  e p i b e n t h i c  d i a t o m s  d u r i n g  t h e  
summer m o n th s .  I n  t h e  f e m a l e s ,  t h i s  s o m a t i c  c y c l e  i s  masked  by t h e  
r e p r o d u c t i v e  c y c l e .  P r o d u c t i o n  was c a l c u l a t e d  u s i n g  f o u r  m e th o d s ,  w h ich  
a r e  com pared  i n  t e r m s  o f  t h e i r  a s s u m p t i o n s  and r e s u l t s .  Annual  
p r o d u c t i o n ,  u s i n g  t h e  i n s t a n t a n e o u s  g r o w t h  m o d e l ,  a v e r a g e s  100.1 g m (as h -  
f r e e )  m  ^ y r~ ^ .  The p r o d u c t i o n  t o  mean b io m a s s  r a t i o  a v e r a g e d  1.48 o v e r  
t h e  s t u d y  p e r i o d .  P r o d u c t i o n  i s  h i g h l y  s e a s o n a l ;  summer p r o d u c t i o n  i s  
a b o u t  4.5 t i m e s  t h e  w i n t e r  p r o d u c t i o n .  P r o d u c t i o n  by a c o h o r t  e x h i b i t s  
2 t o  3 p e a k s  o v e r  t h e  c o h o r t ' s  l i f e  sp an ,  t h e  m a j o r  p eak  due t o  t h e  o n e -  
y e a r - o l d  i n d i v i d u a l s .
/
I. INTRODUCTION
The ex p o s ed  sandy  b e a c h  c o m m u n i t i e s  a lo n g  t h e  e a s t  c o a s t  o f  t h e  
U n i t e d  S t a t e s  a r e  d o m i n a t e d  by s p e c i e s  o f  t h e  s a n d - b u r r o w i n g  amphipod 
f a m i l y  H a u s t o r i i d a e  ( s e n s u  B o u s f i e l d ,  1978).  S in c e  t h e  1960 's  much work 
was a c c o m p l i s h e d  on t h e  s t r u c t u r e  o f  t h e s e  c o m m u n i t i e s ,  and on t h e  
d i s t r i b u t i o n ,  abundance ,  and l i f e  h i s t o r i e s  o f  t h e  am phipods  composing  
them (C ro k e r ,  1 9 6 7 a ,b ,  1968, 1977; D e x t e r ,  1967,  1969, 1971;  Samaeoto ,  
1 9 6 9 a , b , c ;  S h e l t o n  and R o b e r t s o n ,  1981). Excep t  f o r  t h e  s t u d i e s  o f  
C roker  and H a t f i e l d  (1980) ,  and G ra n t  (1981) on c o m p e t i t i v e  i n t e r a c t i o n s  
b e tw e e n  s a n d y - b e a c h  am p h ip o d s ,  l i t t l e  i s  known c o n c e r n i n g  t h e  f u n c t i o n a l  
r e l a t i o n s h i p s  i n  t h e s e  c o m m u n i t i e s .
One a p p r o a c h  t o  an u n d e r s t a n d i n g  o f  t h e s e  f u n c t i o n a l  r e l a t i o n s h i p s ,  
from b o t h  a p r a c t i c a l  and t h e o r e t i c a l  s t a n d p o i n t ,  i s  t h e  a n a l y s i s  o f  t h e  
p a t t e r n s  o f  p r o d u c t i o n  and e n e r g y  f l o w  w i t h i n  t h e  com munity  food  webs.  
The en e rg y  b u d g e t  f o r  a p o p u l a t i o n  can  be d e s c r i b e d  by t h e  f o l l o w i n g  
e q u a t i o n :
C = P + P  + R  + F + U
O
where  c o n s u m p t io n  (C) i s  e q u a l  to  t h e  sum o f  s o m a t i c  p r o d u c t i o n  (P„),©
r e p r o d u c t i v e  o u t p u t  (Pr ), r e s p i r a t i o n  (R), f e c a l  p r o d u c t i o n  (F),  and th e  
r e l e a s e  o f  d i s s o l v e d  o r g a n i c  m a t t e r  and o t h e r  w a s t e s  (U). The mos t  
i m p o r t a n t  o f  t h e s e  v a r i a b l e s  f rom  t h e  s t a n d p o i n t  o f  t h e  food  web,  i s  t h e  
s o m a t i c  p r o d u c t i o n ,  P , w h ich  i s  r e a d i l y  e s t i m a t e d  by a v a r i e t y  o fO
methods  ( C r i s p ,  1971).
Many s t u d i e s  on t h e  p r o d u c t i v i t y  o f  m a r i n e  sand  c o m m u n i t i e s  have 
te n d e d  t o  e m p h a s i z e  t h e  p r a c t i c a l  a s p e c t s .  They c o n s i d e r  t h e  
i n v e r t e b r a t e  p r o d u c t i o n  a s  t h e  s o u rc e  o f  food  f o r  f i s h  ( C e d e r w a l l ,  1977;
2H a s t i n g s ,  1981; M b l l e r  and R o s en b e rg ,  1982,  1983; T r e v a l l i o n ,  1971). 
R e c e n t l y  McDermott  (1983) r e p o r t e d  on t h e  s t r u c t u r e  o f  t h e  food  web o f  a 
S c o l o l e p i s  d o m i n a t e d  com m uni ty  a l o n g  t h e  m i d - A t l a n t i c  c o a s t  o f  t h e  U.S. 
S c o l o l e p i s  c o m p r i s e d  t h e  m a j o r  p o r t i o n  o f  t h e  d i e t  o f  t h e  j u v e n i l e  
f i s h e s  f e e d i n g  i n  t h e  i n t e r t i d a l ;  am p h ip o d s ,  i n c l u d i n g  c a n a d e n s i s ,  
were  a l s o  t a k e n  r e g u l a r l y .  From a more  t h e o r e t i c a l  a s p e c t ,  McLachlan e t  
a l .  (1981) u t i l i z e d  t h e  p a t t e r n s  o f  e n e r g y  f l o w  w i t h i n  a sandy be a c h  as  
a means o f  e v a l u a t i n g  and d e f i n i n g  t h e  l i m i t s  o f  t h a t  e c o s y s t e m .
V a lu a b l e  i n s i g h t s  i n t o  t h e  f a c t o r s  i m p o r t a n t  in  s t r u c t u r i n g  s a n d y -b e a c h  
c o m m u n i t i e s  can be o b t a i n e d  by c o m p a r in g  t h e  p a t t e r n s  o f  p r o d u c t i v i t y  
and e n e r g y  f l o w  b e t w e e n  b e a c h e s  i n  d i f f e r e n t  r e g i o n s  o f  t h e  w o r l d  
( A n s e l l  e t  a l . ,  1978; S t e e l e ,  1976;  Warw ick ,  1982). O f t e n  i n  s t u d i e s  o f  
p r o d u c t i v i t y  and e n e r g y  f l o w  o n l y  t o t a l  a n n u a l  p r o d u c t i o n  i s  g i v e n ,  
i g n o r i n g  t h e  s e a s o n a l  p a t t e r n s .  Some s t u d i e s  a l s o  c o n s i d e r  t h e  amount 
o f  p r o d u c t i o n  o c c u r i n g  b e t w e e n  s a m p l i n g  i n t e r v a l s ,  w h i l e  f e w e r  s t i l l  
d i s c u s s  t h e  s e a s o n a l i t y  o f  p r o d u c t i o n .
I n  n o r t h e r n  New E ng land ,  t h e  s a n d y - b e a c h  c o m m u n i t i e s  a r e  d o m in a te d  
by t h r e e  s p e c i e s  o f  am ph ipods :  t h e  p o n t o p o r e i i d ,  A m p h ip o re i a  v i r g i n i a n a  
and t h e  h a u s t o r i i d s ,  A c a n t h o h a u s t o r i u s  m i l l s i  and H a u s t o r i u s  c a n a d e n s i s  
(C roker  e t  a l . ,  1975).  H a u s t o r i u s  c a n a d e n s i s  B o u s f i e l d ,  1962 i n h a b i t s  
t h e  i n t e r t i d a l  r e g i o n  o f  c l e a n  w a v e - s w e p t  b e a c h e s  f rom  V i r g i n i a  to  
c e n t r a l  Maine ,  and in  t h e  s o u t h w e s t e r n  G u l f  o f  S t .  Lawrence  ( B o u s f i e l d ,  
1973).  The d i s j u n c t  d i s t r i b u t i o n  o f  1L_ c a n a d e n s i s  and o t h e r  warm 
t e m p e r a t e  s p e c i e s  a lo n g  t h e  e a s t e r n  N o r th  A m er ic an  c o a s t l i n e  i s  due to  
t h e  g e o l o g i c a l  h i s t o r y  o f  t h e  r e g i o n  ( B o u s f i e l d  and Thomas,  1975).  I n  
Maine,  H. c a n a d e n s i s  i s  e f f e c t i v e l y  a t  t h e  n o r t h e r n  e x t r e m e  o f  i t s  
d i s t r i b u t i o n  and e x p e r i e n c e s  a c o l d e r  t h e r m a l  r e g i m e  t h a n  i n  t h e  main
3p o r t i o n  o f  i t s  r a n g e  s o u t h  o f  Cape Cod.
The g o a l  o f  t h i s  s t u d y  was t o  e x am in e  t h e  t r o p h i c  dynam ics  and l i f e  
h i s t o r y  o f  c a n a d e n s i s  i n  o r d e r  t o  g a i n  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  
f u n c t i o n a l  a s p e c t s  o f  n o r t h e r n  New Eng land  s a n d y - b e a c h  c o m m u n i t i e s .  
S e v e r a l  q u e s t i o n s  w ere  a s k e d  i n  an  e f f o r t  t o  a c h i e v e  t h i s  g o a l .
1) What a r e  t h e  l i f e  h i s t o r y  and p o p u l a t i o n  dynam ics  o f  ik. c a n a d e n s i s  
i n  s o u t h e r n  Maine?
2) How does  t h e  l i f e  h i s t o r y  i n  s o u t h e r n  Maine compare  t o  t h a t  o f  
o t h e r  p o p u l a t i o n s  o f  Ih_ c a n a d e n s i s  i n  o t h e r  p o r t i o n s  o f  i t s  r a n g e ?
3) What i s  t h e  e n e r g y  ( c a l o r i c )  c o n t e n t  o f  |h .  c a n a d e n s i s ,  and does  i t  
e x h i b i t  a s e a s o n a l  p a t t e r n ?
4) What a r e  t h e  s e a s o n a l  p a t t e r n s  o f  p r o d u c t i o n  o f  Jh. c a n a d e n s i s  i n  
s o u t h e r n  Maine?
5) How do t h e  p a t t e r n s  o f  p r o d u c t i v i t y  and c a l o r i c  c o n t e n t  r e l a t e  to  
t h e  l i f e  h i s t o r y  o f  lh_ c a n a d e n s i s ?
I
I I .  METHODS
The s i t e  c h o s e n  f o r  t h i s  s t u d y  was Long Sands Beach i n  t h e  town o f  
Y o r k ,  M a in e  ( 4 3 °  0 7 '  4 6 "  N, 7 0 °  3 7 '  12"  W). The b e a c h  i s  a p p r o x i m a t e l y  
2.4 km lo n g ,  160 m w ide  f ro m  t h e  b a s e  o f  t h e  s e a w a l l  to  mean low w a t e r  
(MLW), w i t h  a mean t i d a l  a m p l i t u d e  o f  2.6 m. The be a c h  c o n s i s t s  o f  f i n e  
g r a i n e d  sands  and h a s  an e x p o s u r e  r a t i n g  o f  13 (McLachlan ,  1980),  
i n d i c a t i n g  t h a t  i t  i s  an ex p o s ed  beac h .  P r e v i o u s  s t u d i e s  (C ro k e r ,  1977;  
Croker  e t  a l . ,  1975) have  d e s c r i b e d  t h e  community  s t r u c t u r e  a t  Long 
Sands and o t h e r  n o r t h e r n  New Eng land  sandy b e a c h e s ,  and have  shown t h e  
m a c r o i n f a u n a l  com muni ty  a t  Long Sands  t o  be r e l a t i v e l y  c o n s t a n t  o v e r  
t i m e .  The p o p u l a t i o n  o f  H a u s t o r i u s  c a n a d e n s i s  i n h a b i t i n g  Long Sands has  
c e r t a i n  p r o p e r t i e s  w h ich  make i t  s u i t a b l e  f o r  a s t u d y  o f  p o p u l a t i o n  
dynam ics  and p r o d u c t i o n .  H a u s t o r i u s  c a n a d e n s i s  i s  l a r g e  com pared  t o  t h e  
o t h e r  i n t e r t i d a l l y  o c c u r i n g  a m p h ip o d s ,  b e i n g  second  i n  s i z e  o n l y  to  
Psammonvx n o b i l i s ,  making  i t  s u i t a b l e  f o r  g r o w t h  s t u d i e s .  I t  i s  
a b u n d a n t ,  r a n k i n g  t h i r d  i n  d e n s i t y  and second  i n  t o t a l  b i o m a s s ,  and i t  
r e m a i n s  s t r i c t l y  i n t e r t i d a l  a l l o w i n g  q u a n t i t a t i v e  s a m p l in g  o f  t h e  
p o p u l a t i o n  t h r o u g h o u t  t h e  y e a r .  F i n a l l y ,  long t e r m  d a t a  on i t s  d e n s i t y  
and d i s t r i b u t i o n  a r e  a v a i l a b l e  f o r  c o m p a r a t i v e  p u r p o s e s  (C ro k e r ,  1977).
The p o p u l a t i o n  o f  IL_ c a n a d e n s i s  a t  Long Sands was s a m p le d  m o n t h ly  
f rom November,  1978 t h r o u g h  Ju n e ,  1982 a lo n g  a p e r m a n e n t  t r a n s e c t  u s i n g  
0.04 m q u a d r a t s  i n  a m o d i f i e d  s t r a t i f i e d  random d e s i g n  (5 l e v e l s ,  3 
r e p l i c a t e s )  w i t h i n  i t s  zone  o f  d i s t r i b u t i o n  as  d e s c r i b e d  b e lo w .  Dur ing 
th e  r e p r o d u c t i v e  s e a s o n s  o f  1979 and 1980,  t h e  s a m p l in g  f r e q u e n c y  was 
i n c r e a s e d  t o  b i w e e k l y  t o  o b t a i n  a more  c o m p l e t e  u n d e r s t a n d i n g  o f  t h e
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5r e p r o d u c t i v e  p a t t e r n s  o f  IL. c a n a d e n s i s .  At t h e  s t a r t  o f  e a c h  c o l l e c t i o n  
q u a l i t a t i v e  s a m p le s  w e re  t a k e n  t o  d e t e r m i n e  t h e  a p p r o x i m a t e  u p p e r  and 
lo w e r  l i m i t s  o f  t h e  d i s t r i b u t i o n  o f  Hj_ c a n a d e n s i s .  Once t h e  
d i s t r i b u t i o n a l  l i m i t s  w e re  d e t e r m i n e d ,  5 i n t e r t i d a l  l e v e l s ,  r a n g i n g  f rom  
n e a r  t h e  t o p  t o  n e a r  t h e  b o t t o m  o f  t h e  d i s t r i b u t i o n ,  w e re  s e l e c t e d  t o  
u n i f o r m l y  c o v e r  t h e  d i s t r i b u t i o n  and t h e i r  l o c a t i o n s  i n d i c a t e d  i n  t h e  
sand .  At e a c h  o f  t h e  5 i n t e r t i d a l  l e v e l s ,  3 q u a d r a t s  w ere  c h o s e n  by 
t o s s i n g  t h e  q u a d r a t .  Once t h e  l i m i t s  o f  t h e  d i s t r i b u t i o n  o f  H. 
c a n a d e n s i s  w e re  d e t e r m i n e d ,  t h e  l o c a t i o n  o f  t h e  s t r a t a  and q u a d r a t s  w ere  
d e c i d e d  upon w i t h o u t  any know ledge  o f  t h e  u n d e r l y i n g  d i s p e r s i o n  o f  t h e  
am ph ipods .  The sand  w i t h i n  eac h  q u a d r a t  was removed t o  a d e p t h  o f  10 t o  
12 cm, s u f f i c i e n t  t o  o b t a i n  t h e  am phipods  (C roker  and H a t f i e l d ,  1982; 
Donn, p e r s . o b s . ) ,  and s i e v e d  i n  t h e  f i e l d  t o  i s o l a t e  t h e  a n i m a l s .  The 
a n i m a l s  r e t a i n e d  by t h e  s i e v e  w ere  p r e s e r v e d  i m m e d i a t e l y  in  10% f o r m a l i n  
d i l u t e d  to  5% w i t h  s e a w a t e r .  I n  t h e  l a b o r a t o r y ,  t h e  am phipods  w ere  
removed f ro m  t h e  r e m a i n i n g  sand  by s w i r l i n g - a n d  t h e n  t r a n s f e r e d  t o  5% 
f o r m a l i n  b u f f e r e d  w i t h  h e x a m e th y l e n e a m in e .  H e ig h t  above  MLW and 
d i s t a n c e  f rom t h e  b a s e  o f  t h e  s e a w a l l  w ere  d e t e r m i n e d  f o r  eac h  s t r a t u m  
u s i n g  a t i d e  p o l e  and hand h e l d  t r a n s i t ,  and a t a p e  o r  o p t i c a l  
r a n g e f i n d e r  (Ranging O p t i - m e t e r  model  620).  I n  a d d i t i o n ,  a i r  and s u r f  
t e m p e r a t u r e s  w ere  t a k e n  u s i n g  a hand h e l d  f i e l d  t h e r m o m e t e r .
I n i t i a l l y ,  a s i e v e  mesh o f  1.5 mm was u s e d  so t h a t  s a m p l e s  f rom 
Long Sands c o u l d  be compared  w i t h  s a m p l e s  f ro m  o t h e r  s i t e s  w i t h  c o a r s e r  
sand  g r a i n  s i z e s .  On 23 J u n e ,  1980,  a  c o m p a r i s o n  o f  1.5 mm and 0.5 mm 
s i e v e  m eshes  was made.  The mean d e n s i t i e s  o b t a i n e d  u s i n g  t h e  two s i e v e  
s i z e s  showed no s i g n i f i c a n t  d i f f e r e n c e  (Two-way ANOVA, b l o c k i n g  f o r  
t i d a l  h e i g h t ;  S o k a l  and R o h l f ,  1969). The r e s u l t i n g  s i z e  f r e q u e n c y
6h i s t o g r a m s  w ere  com pared  u s i n g  a K o lm ogorov -S m irnov  two sa m p le  t e s t  
( S i e g e l ,  1956),  and w e r e  found t o  be s i g n i f i c a n t l y  d i f f e r e n t  (p<0.01) 
due t o  t h e  p o o r e r  r e t e n t i o n  o f  i n d i v i d u a l s  l e s s  t h a n  2.5 mm by t h e  
c o a r s e  s i e v e  (T ab le  1). A c o m p a r i s o n  o f  t h e  mean s i z e s  o f  i n d i v i d u a l s  
l e s s  t h a n  2.5 mm r e t a i n e d  by t h e  two mesh s i z e s  ( two t a i l e d  t - t e s t ;
Soka l  and R o h l f ,  1969) showed no s i g n i f i c a n t  d i f f e r e n c e .  A l l  s a m p le s  
a f t e r  t h i s  d a t e  w ere  t a k e n  u s i n g  t h e  0.5 mm mesh.
The H. c a n a d e n s i s  w ere  s o r t e d  f rom  t h e  s a m p l e s  and c o u n t e d .  Mean 
d e n s i t i e s  and 95% c o n f i d e n c e  i n t e r v a l s  w e re  d e t e r m i n e d  f o r  e a c h  sam p le  
( P i e l o u ,  1974) w i t h  t h e  a i d  o f  a FORTRAN p ro g ram .  Mean d e n s i t i e s  w e re  
c o r r e c t e d  f o r  t h e  w i d t h  o f  t h e  f i e l d  d i s t r i b u t i o n ,  y i e l d i n g  an e s t i m a t e  
o f  p o p u l a t i o n  s i z e  t h a t  w i l l  be r e f e r r e d  t o  as  abundance ,  o r  number  o f  
a n i m a l s  p e r  m e t e r  o f  b e a c h  f r o n t .  A l l  c a n a d e n s i s  w e re  s u b s e q u e n t l y  
m e a su re d  and sexed  u s i n g  a Wild  d i s s e c t i n g  m i c r o s c o p e .  L e n g th  was 
d e f i n e d  as  t h e  d i s t a n c e  f rom  t h e  b a s e  o f  t h e  r o s t r u m  t o  t h e  end o f  
p l e o m e r e  3 and was d e t e r m i n e d  t o  t h e  n e a r e s t  0.08 mm, u s i n g  an o p t i c a l  
m i c r o m e t e r  a t  12X m a g n i f i c a t i o n .  F iv e  sex  c l a s s e s  w e re  d i s t i n g u i s h e d :  
j u v e n i l e s ,  p e n i l e  p a p i l l a e  and o o s t e g i t e  buds  a b s e n t ;  
m a l e s ,  p e n i l e  p a p i l l a e  p r e s e n t ;  
f e m a l e s ,  o o s t e g i t e s  w i t h o u t  s e t a e  p r e s e n t ;  
s e t i g e r o u s  f e m a l e s ,  o o s t e g i t e s  w i t h  s e t a e  p r e s e n t ;  
o v i g e r o u s  f e m a l e s ,  eggs  o r  j u v e n i l e s  p r e s e n t  i n  b rood  pouch.
The eggs  c o n t a i n e d  i n  t h e  b ro o d  pouches  o f  f e m a l e s  were  removed and 
c o u n te d  t o  o b t a i n  an  e s t i m a t e  o f  f e c u n d i t y  a s  r e l a t e d  t o  s i z e .  The 
s t a t i s t i c a l  p ack a g e  MINITAB I I  (Ryan e t  a l . ,  1976) was u s e d  t o  c o n s t r u c t
7I T a b le  1. Com par ison  o f  S i e v e  Sam pl ing  E f f i c i e n c y
D
- . 0 0 5  
- . 0 9 6  
- . 1 7 8  
- . 1 7 8  
- . 1 8 8  * 
- . 1 8 8  * 
- . 1 7 4  
- . 1 5 2  
- . 0 9 8  
- . 0 6 3  
- . 0 1 7  
- . 0 3 3  
- . 0 2 9  
- . 0 1 5
ANOVA on mean l e n g t h s  o f  j u v e n i l e s  l e s s  t h a n  2 . 5  mm i n  l e n g t h
S ource d . f . SS MS F
s i e v e  s i z e 1 .067 .067 0 .91  n . s .
e r r o r 51 3 . 7 4 4 .073
t o t a l 52 3 .811
s i e v e  s i z e
|  l e n g t h - c l a s s  1 .5  mm 0 . 5  mm
if m i d p o i n t  (mm) # f r e q . # f r e q .
j  1 .25 0 0 . 0 1 .005
j 1 .7 5 3 .015 21 .111
I 2 .25 6 .044 22 .222
j 2 .7 5 0 .044 0 .222
j 3 .2 5 0 .044 2 .232
j 3 . 7 5 0 .044 0 .232
j 4 . 2 5 6 .074 3 .246
■j
4 .7 5 33 .237 28 .389
5 .25 47 .468 35 .566
\ 5 .7 5 42 .675 34 .737
6 .2 5 38 .862 28 .879
j 6 .7 5 11 .916 14 .950
| 7 .2 5 7 .951 6 .980
7 . 75 5 .975 2 .990
8 .2 5 5 1 .0 2 1 .0
D = - . 1 8 8  max
Dc r i t o C = 0 . 0 1  "  - 163
8l e n g t h - f r e q u e n c y  h i s t o g r a m s  f o r  t h e  e n t i r e  s am p le  and t h e  i n d i v i d u a l  sex  
c l a s s e s .  The l e n g t h - f r e q u e n c y  h i s t o g r a m s  f o r  m a l e s ,  p o o l e d  f e m a l e s ,  and 
t h e  e n t i r e  p o p u l a t i o n  w ere  s e p a r a t e d  i n t o  i n d i v i d u a l  c o h o r t s  u s i n g  t h e  
p r o b a b i l i t y  p a p e r  method  o f  H a rd in g  (1949) f o l l o w e d  by an  i t e r a t i v e  
method  ( H a s s e l b l a d ,  1966).
D e t e r m i n a t i o n  o f  t h e  l e n g t h - w e i g h t  r e l a t i o n s h i p  and c a l o r i c  c o n t e n t  
was made on H. c a n a d e n s i s  r e t u r n e d  l i v e  f rom  t h e  f i e l d .  W i t h i n  48 h o f  
c o l l e c t i o n ,  t h e  am phipods  w e re  a n e s t h e t i z e d  by p l a c i n g  them i n  70% 
e t h a n o l  f o r  a p p r o x i m a t e l y  15 m in ,  and t h e n  d i l u t i n g  t h e  s o l u t i o n  by a 
f a c t o r  o f  a b o u t  5 w i t h  w a t e r .  L e n g t h - w e i g h t  d e t e r m i n a t i o n s  w ere  made on 
30 a n i m a l s  p e r  month  f rom  A u g u s t ,  1980 t o  J u l y ,  1982.  A n im a ls  w ere  
m e a su re d ,  s ex ed ,  d r i e d  i n d i v i d u a l l y  f o r  24 h a t  60° C, w e ig h e d ,  a s h ed  
f o r  4 h a t  450° C and t h e n  r e w e ig h e d .  Because  an a s y m m e t r i c a l  c h o i c e  o f  
t h e  X and Y v a r i a b l e s  c a n n o t  be made,  and b e c a u s e  o f  t h e  n a t u r a l  
v a r i a b i l i t y  i n  b o t h  c o v a r i a t e s ,  t h e  d a t a  w ere  a n a l y s e d  u s i n g  a 
f u n c t i o n a l  r e g r e s s i o n  o r  r e d u c e d  m a j o r  a x i s  a p p r o a c h  'chat a c c o u n t s  f o r  
v a r i a b i l t y  i n  b o th  t h e  X and Y v a r i a b l e s  ( R i c k e r ,  1973). F u n c t i o n a l  
r e g r e s s i o n s  o f  log w e i g h t  on log  l e n g t h  w ere  d e t e r m i n e d  f o r  e a c h  month .  
These d a t a  w ere  a n a l y s e d  f o r  d i f f e r e n c e s  due to  month  and s e x  u s i n g  a 
m o d i f i e d  t - t e s t  t o  compare  s l o p e s  ( C la rk e ,  1980).
C a l o r i c  c o n t e n t  was d e t e r m i n e d  on 1L_ ca n a d e n s  i s  c o l l e c t e d  b e t w e e n  
Ju n e ,  1981 and J u l y ,  1982.  One hu n d red  to  175 am phipods  w e re  g ro u p e d  by 
sex  i n t o  1-mm s i z e  c l a s s e s ,  d r i e d  24 h a t  60° C, g round  i n  a m o r t a r  and 
p e s t l e ,  fo rm ed  i n t o  p e l l e t s  w i t h  t h e  a d d i t i o n  o f  1 t o  2 d r o p s  of  
d e i o n i z e d  d i s t i l l e d  w a t e r ,  r e d r i e d  (24 h ,  60° C) and th e n  w e ig h ed  t o  t h e  
n e a r e s t  0.01 mg. Depending on t h e  amount o f  m a t e r i a l  a v a i l a b l e ,  b e tw e e n  
1 and 5 p e l l e t s  f rom e a c h  g ro u p  w ere  com bus ted  i n  a P a r r  mode l  1421
S em im ic ro  Eomb C a l o r i m e t e r .  U s u a l l y  a t o t a l  o f  20 t o  30 p e l l e t s  w e re  
com busted  e a c h  m onth .  The o p t i m a l  s a m p le  s i z e  f o r  t h e  P a r r  s e m i m ic ro  
c a l o r i m e t e r  i s  i n  t h e  r a n g e  o f  20 mg t o  200 mg. P r e l i m i n a r y  r u n s  u s i n g  
t h e  amphipod M ar inogam marus  f i n m a r c h i c u s  i n d i c a t e d  t h a t  s a m p le s  as  s m a l l  
as  5 mg c o u l d  be c o m b u s ted  w i t h o u t  l o s i n g  a c c u r a c y ,  b u t  w i t h  a d e c r e a s e  
i n  p r e c i s i o n .  T e m p e r a t u r e  changes  i n  t h e  r e a c t i o n  v e s s e l  w ere  r e c o r d e d  
on a Bausch  and Lomb m ode l  VOM 5 s t r i p  c h a r t  r e c o r d e r ,  and t h e  c a l o r i c  
c o n t e n t  o f  t h e  sa m p le  d e t e r m i n e d  f rom  t h e  t r a c e s  by t h e  g r a p h i c a l  
p r o c e d u r e  o u t l i n e d  i n  t h e  P a r r  m anua l .  P a i n e  (1964,  1971) s t r e s s e d  t h e  
i m p o r t a n c e  o f  c o r r e c t i o n s  f o r  s i d e  r e a c t i o n s ,  such  as a c i d  p r o d u c t i o n  
( e x o t h e r m i c )  and c a r b o n a t e  d e g r a d a t i o n  ( e n d o t h e r m i c ) ,  o c c u r i n g  d u r i n g  
th e  c o m b u s t io n  o f  b i o l o g i c a l  s a m p l e s .  P r e l i m i n a r y  e x p e r i m e n t s  i n d i c a t e d  
t h a t  t h e  combined  c o r r e c t i o n s  f o r  a c i d  p r o d u c t i o n  and c a l c i u m  c a r b o n a t e  
b reakdow n r e s u l t e d  i n  a r e d u c t i o n  i n  t h e  o b s e r v e d  c a l o r i c  c o n t e n t  of  
l e s s  t h a n  1%, w h ic h  i s  w i t h i n  t h e  r a n g e  o f  e r r o r  o f  t h e  c a l o r i m e t e r ,  and 
hence  w ere  i g n o r e d  i n  f u r t h e r  r u n s .  Sam ples  o f  eggs  and j u v e n i l e s  f rom 
t h e  June  and J u l y ,  1982 c o l l e c t i o n s  w ere  a n a l y s e d  by Dr. Hunt H ow e l l  
u s in g  a d i c r o m a t e  w e t  o x i d a t i o n  method  (M a c io l e k ,  1962).  A c o n v e r s i o n  
f a c t o r  o f  1.35,  b a s e d  on a d u l t  t i s s u e ,  was u s e d  f o r  t h e  c o n v e r s i o n  o f  
t h e s e  r e s u l t s  t o  bomb c a l o r i m e t r y  v a l u e s .  Mean c a l o r i c  c o n t e n t  was 
c a l c u l a t e d  f o r  e a c h  s i z e  c l a s s ,  and t h e s e  v a l u e s  were  t h e n  u s e d  f o r  t h e  
c a l c u l a t i o n  o f  a  mean m o n t h ly  c a l o r i c  c o n t e n t .  The d a t a  w ere  a n a l y s e d  
u s i n g  p e r i o d i c  r e g r e s s i o n  (Hackney and Hackney ,  1977; B a t s c h e l e t ,  1981) 
t o  a s s e s s  t h e  e f f e c t s  o f  t e m p o r a l  c y c l e s  on c a l o r i c  c o n t e n t .
Fou r  m e thods  o f  c a l c u l a t i n g  p r o d u c t i o n  (P ) w ere  com pared :  t h eO
r e m o v a l  s u m m a t io n ,  i n c r e m e n t  sum m a t ion ,  and i n s t a n t a n e o u s  g r o w t h  m e thods  
( C r i s p ,  1971;  G i l l e s p i e  and Benke,  1979),  and t h e  s i z e - f r e q u e n c y  method
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( H a m i l to n ,  1969;  Hynes and Coleman,  1968).  The a p p r o p r i a t e  f o r m u l a e  a r e  
g i v e n  b e lo w :
I n s t a n t a n e o u s  Growth
Ni - 1  + Ni  Wip = ----------------- i n--------
2 W . ^
I n c r e m e n t  Summation
Ni - 1  + NiPi = - ----------  (Wi -  W ^ )
2
Removal Summation
Pi - (Hi.! - Hi)
S i s e - F r e q u e n c y
Wi - 1  + Wi
w, + w . +i  
P .  » ( ( n j  -  n j + 1 ) —---------—  ) * S
■ - - 2 
P c
Pa "  -------
CPI
w h ere ,
i s  t h e  p r o d u c t i o n  i n  some t im e  i n t e r v a l  i - 1  t o  i  
i s  t h e  c o h o r t  s i z e  a t  t im e  i
i s  t h e  mean w e i g h t  o f  t h e  c o h o r t  a t  t ime i
P£ i s  t h e  t o t a l  p r o d u c t i o n  o v e r  t h e  l i f e s p a n  o f  t h e  c o h o r t
PQ i s  t h e  a n n u a l  p r o d u c t i o n  by t h e  p o p u l a t i o n
n j  i s  t h e  a v e r a g e  number o f  i n d i v i d u a l s  i n  s i z e  c l a s s  j
t h r o u g h o u t  t h e  y e a r  
Wj i s  t h e  mean w e ig h t  o f  an i n d i v i d u a l  i n  s i z e  c l a s s  j  
S i s  t h e  number o f  s i z e  c l a s s e s  i n  t h e  p o p u l a t i o n  
an d ,  CPI i s  t h e  c o h o r t  p r o d u c t i o n  i n t e r v a l .
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The f i r s t  t h r e e  m e th o d s ,  a l o n g  w i t h  t h e  A l l e n  Curve me thod  have  been  
shown t o  be e q u i v a l e n t  i n  t h e i r  i n s t a n t a n e o u s  fo rm s  ( G i l l e s p i e  and 
Benke,  1979).  The r e m o v a l  sum m a t io n  m e thod  sums t h e  l o s s e s  o f  b io m a s s  
f rom t h e  p o p u l a t i o n  o v e r  t i m e ,  w h i l e  t h e  i n s t a n t a n e o u s  g r o w t h ,  i n c r e m e n t  
sum m at ion  and A l l e n  c u r v e  sum t h e  g a i n s  i n  b io m a s s  due t o  g r o w t h  ( C r i s p ,  
1971; W ate rs  and C r a w f o r d ,  1973).  These  m e th o d s  r e q u i r e  t h a t  i n d i v i d u a l  
c o h o r t s  be d i s t i n g u i s h e d ,  and t h e y  a l l o w  t h e  s e a s o n a l  p a t t e r n s  o f  
p r o d u c t i o n ,  o r  e l i m i n a t i o n ,  t o  be o b s e r v e d .  A sm o o th in g  a l g o r i t h m  
(4253H, t w i c e ;  V e l l em an  and H o a g l i n ,  1981) was u s e d  on t h e s e  p r o d u c t i o n  
d a t a  to  remove s a m p l in g  v a r i a b i l i t y  i n  o r d e r  to  d i s c e r n  t h e  u n d e r l y i n g  
s e a s o n a l  p a t t e r n s .  The s i z e - f r e q u e n c y  m e thod  does  n o t  r e q u i r e  
i n d i v i d u a l  c o h o r t s  t o  be  d i s t i n g u i s h e d ,  u s i n g  i n s t e a d  an " a v e r a g e "  
c o h o r t ,  b u t  w i l l  o n l y  y i e l d  e s t i m a t e s  o f  t o t a l  p r o d u c t i o n  by t h e  c o h o r t .  
The c o h o r t  p r o d u c t i o n  v a l u e  m u s t  be c o r r e c t e d  f o r  t h e  l i f e s p a n  o f  t h e  
c o h o r t ,  o r  c o h o r t  p r o d u c t i o n  i n t e r v a l  (CPI)  t o  o b t a i n  an e s t i m a t e  o f  
a n n u a l  p r o d u c t i o n  (Cushman e t  a l . ,  1978; W a t e r s ,  1979).  The c o h o r t  
p r o d u c t i o n  i n t e r v a l  i s  d e f i n e d  a s  t h e  p e r i o d  o f  t i m e  d u r i n g  w h ich  t h e  
c o h o r t  i s  g r o w in g ,  and does  n o t  i n c l u d e  t i m e  s p e n t  i n  r e s t i n g  s t a g e s ,  
such  a s  eggs  (W a t e r s ,  1979).
III. RESULTS
D i s t r i b u t i o n  and  Abundance
Between November,  1978 and J u n e ,  1982, 47 q u a n t i t a t i v e  c o l l e c t i o n s  
f o r  H a u s t o r i u s  c a n a d e n s i s  w ere  made a t  Long Sands ,  Maine.  A l l  s t r a t a  
c o n t a i n i n g  c a n a d e n s i s  w ere  t e s t e d  f o r  a g r e e m e n t  w i t h  t h e  P o i s s o n  
d i s t r i b u t i o n  ( i . e .  random d i s p e r s i o n ) .  Of t h e  232 s t r a t a  o n l y  85, o r
36.6%, showed e v i d e n c e  o f  c l u m p in g .  F o r t y - t w o  o f  t h e  47 c o l l e c t i o n s  had 
s t r a t a  t h a t  w e re  c lumped  ( a v e r a g e  1.8 p e r  c o l l e c t i o n ) .  I n  a d d i t i o n ,  t h e  
p o o le d  mean and v a r i a n c e  f o r  each  c o l l e c t i o n  w ere  t e s t e d  and none showed 
any d i s a g r e e m e n t  w i t h  t h e  P o i s s o n  d i s t r i b u t i o n .  S in c e  no r i g o r o u s  
h y p o t h e s i s  t e s t i n g  was done on t h e s e  d a t a ,  t h e  r e q u i r e m e n t  o f  t h e  
in d e p en d an ce  o f  t h e  v a r i a n c e  and mean was n o t  n e c e s s a r y ,  and t h e r e f o r e  
t h e  d a t a  w ere  n o t  t r a n s f o r m e d .  The changes  i n  d e n s i t y  and d i s t r i b u t i o n  
o f  t h e  amphipod p o p u l a t i o n  d u r i n g  t h e  s t u d y  p e r i o d  a r e  d e p i c t e d  in  
F i g u r e  1. The p o p u l a t i o n  m i g r a t e s  s e a s o n a l l y ,  r e m a i n i n g  i n  t h e  u p p e r  
i n t e r t i d a l  d u r i n g  t h e  summer and moving to w a r d s  mean low w a t e r  (MLW) 
d u r i n g  t h e  w i n t e r .  D ur ing  th e  f a l l  t h e  p o p u l a t i o n  t e n d e d  t o  r e m a i n  h i g h  
on t h e  s h o r e ,  how ever  when t h e  a i r  and w a t e r  t e m p e r a t u r e s  d e c l i n e d  
s u f f i c i e n t l y ,  d u r i n g  t h e  w i n t e r ,  t o  a l l o w  t h e  u p p e r  i n t e r t i d a l  t o  f r e e z e  
d u r i n g  low t i d e ,  t h e  p o p u l a t i o n  e x h i b i t e d  a r a p i d  dow nshore  m i g r a t i o n .  
The s p r i n g  u p s h o r e  m i g r a t i o n  t e n d e d  t o  be more  g r a d u a l .  D ur ing  t h e s e  
s e a s o n a l  m i g r a t i o n s  t h e  w i d t h  o f  i t s  zone o f  d i s t r i b u t i o n  a l s o  changed ,  
r a n g i n g  b e tw e e n  40 m and 100 m and a v e r a g i n g  80 m.
The abundance ,  o r  number  o f  a n i m a l s  p e r  m e t e r  o f  b e a c h  f r o n t ,  o f  H. 
c a n a d e n s i s  a l o n g  t h e  t r a n s e c t  i s  p r e s e n t e d  i n  F i g u r e  2. The p o p u l a t i o n
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r e a c h e s  maximum abundance  b e t w e e n  J u l y  and S e p te m b e r  a s  j u v e n i l e s  a r e  
r e c r u i t e d  i n t o  t h e  p o p u l a t i o n ,  and d e c l i n e s  g r a d u a l l y  t h e r e a f t e r  (F ig .
2). The p o p u l a t i o n  m a i n t a i n e d  an a v e r a g e  abundance  o f  34943 _+ 2767 (95% 
c o n f i d e n c e  i n t e r v a l )  p e r  m e t e r  o f  be a c h  f r o n t  o v e r  t h e  44 month p e r i o d .
L i f e  H i s t o r y
Using  a l l  t h e  H a u s t o r i u s  c a n a d e n s i s  o b t a i n e d ,  l e n g t h - f r e q u e n c y  
h i s t o g r a m s  w ere  c o n s t r u c t e d  f o r  e a c h  sex  c l a s s  p r e s e n t  i n  t h e  p o p u l a t i o n  
on e a c h  s a m p l in g  d a t e .  A r e p r e s e n t a t i v e  13 month  span  o f  t h e s e  
h i s t o g r a m s  i s  d i s p l a y e d  i n  F i g u r e  3. O v ig e ro u s  f e m a l e s  a r e  p r e s e n t  in  
t h e  p o p u l a t i o n  f rom  mid-May t h r o u g h  l a t e  A ugus t .  J u v e n i l e s  a p p e a r  
a p p r o x i m a t e l y  4 t o  5 weeks  l a t e r ,  s u g g e s t i n g  an egg d e v e lo p m e n t  t i m e  o f  
ab o u t  1 month .  (Appendix A c o n t a i n s  t h e  d a t a  f o r  a l l  l e n g t h - f r e q u e n c y  
h i s t o g r a m s )  As t h e  j u v e n i l e s  g row,  m a l e s  become i d e n t i f i a b l e  as  such  a t  
2.1 mm and f e m a l e s  a t  3.25 mm i n  l e n g t h .  From t h e  l e n g t h - f r e q u e n c y  
h i s t o g r a m s  i t  i s  a p p a r e n t  t h a t  two c o h o r t s  a r e  p r e s e n t  i n  t h e  p o p u l a t i o n  
f rom m id -sum m er  t h r o u g h  t h e  f a l l .  T h i s  i s  e s p e c i a l l y  c l e a r  f o r  th e  
f e m a l e s ,  i n  w h ich  t h e  s e p a r a t i o n  o f  t h e  c o h o r t s  i s  d i s c e r n i b l e  
t h r o u g h o u t  t h e  y e a r .  Whi le  m e a s u r i n g  and s e x in g  t h e  am phipods  f o r  t h e  
l e n g t h - f r e q u e n c y  a n a l y s i s ,  many o f  t h e  5 mm t o  6 mm long  f e m a l e s  p r e s e n t  
d u r i n g  t h e  autumn a p p e a r e d  t o  have w e l l  d e v e l o p e d  o v a r i e s .  Such 
o b s e r v a t i o n s  s u g g e s t  t h e  p o s s i b i l i t y  o f  an  o v e r w i n t e r i n g  g roup  o f  
f e m a l e s .
The p e r c e n t a g e  o f  f e m a l e s  b e a r i n g  eggs  f o l l o w s  a d i s t i n c t  b im o d a l  
p a t t e r n  d u r i n g  t h e  1979 and 1980 r e p r o d u c t i v e  s e a s o n s  (F ig .  4) .  By 
i n t e g r a t i n g  th e  a r e a  u n d e r  t h e s e  c u r v e s ,  i t  can  be shown t h a t  d u r in g  
1979 o n l y  69%, and d u r i n g  1980, 65% o f  t h e  f e m a l e s  i n  t h e  p o p u l a t i o n
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c a r r i e d  a b ro o d ,  i n d i c a t i n g  t h a t  a p p r o x i m a t e l y  o n e - t h i r d  o f  t h e  f e m a l e s  
d i d  n o t  r e p r o d u c e .  The e x p l a n a t i o n  f o r  t h e  b i m o d a l i t y  o f  t h e  
r e p r o d u c t i v e  e f f o r t  becomes  c l e a r  i f  t h e  mean s i z e s  o f  t h e  o v i g e r o u s  and 
n o n - o v i g e r o u s  f e m a l e s  a r e  compared  t h r o u g h o u t  t h e  r e p r o d u c t i v e  s e a s o n  
(F ig .  5). The f i r s t  p eak  i n  r e p r o d u c t i v e  a c t i v i t y  i s  due t o  l a r g e  
(app rox .  7 mm l e n g t h )  f e m a l e s .  D ur ing  t h e  second  p eak  t h e  mean l e n g t h  
o f  t h e  o v i g e r o u s  f e m a l e s  i n c r e a s e s  f rom  j u s t  u n d e r  6 mm t o  6.5 mm. The 
n o n - o v i g e r o u s  f e m a l e s  s t a r t  o u t  a t  5 mm i n  May and grow t o  6 mm t o  6.5 
mm by l a t e  A ugus t .  I t  i s  t h e s e  n o n - r e p r o d u c t i v e  f e m a l e s  t h a t  a p p e a r  t o  
have w e l l  d e v e l o p e d  o v a r i e s  d u r i n g  t h e  l a t e  f a l l  and w i n t e r .  Two 
c o n c l u s i o n s  a r e  s u g g e s t e d  by t h e s e  r e s u l t s ;  1) t h e r e  a r e  two g r o u p s  o f  
f e m a l e s  r e p r o d u c i n g  d u r i n g  t h e  summer,  t h e  f i r s t  b e i n g  a two y e a r - o l d  
ove rx t f in te r in g  c o h o r t  and t h e  s econd  a one y e a r - o l d  c o h o r t ,  and 2) t h e r e  
i s  a minimum s i z e ,  a p p r o x i m a t e l y  6 mm, n ee d e d  f o r  a f e m a l e  t o  r e p r o d u c e .  
The e n v i r o n m e n t a l  f a c t o r s  c o n t r o l l i n g  t h e  i n i t i a t i o n  and t e r m i n a t i o n  o f  
t h e  r e p r o d u c t i v e  p e r i o d  a r e  unknown, how ever  Samaeoto  (1969a) s u g g e s t s  
t h a t  w a t e r  t e m p e r a t u r e  may be i m p o r t a n t .  At Long Sands ,  r e p r o d u c t i o n  i s  
i n i t i a t e d  when t h e  w a t e r  warms to  10.5°C i n  mid May, and c e a s e s  s h o r t l y  
a f t e r  t h e  w a t e r  t e m p e r a t u r e  s t a r t s  t o  d e c l i n e  f rom  t h e  maximum o f  16.8°C 
i n  e a r l y  A u g u s t  ( F i g .  6 ) .
D ur ing  t h e  1980 t h r o u g h  1982 r e p r o d u c t i v e  s e a s o n s ,  t h e  number o f  
eggs  b ro o d e d  by o v i g e r o u s  f e m a l e s  was d e t e r m i n e d .  A l l  o v i g e r o u s  f e m a l e s  
c o l l e c t e d ,  b o t h  i n  q u a n t i t a t i v e  and q u a l i t a t i v e  s a m p l e s ,  w e r e  u t i l i z e d  
f o r  t h i s  a n a l y s i s .  Because  some o f  t h e  eggs  c o n t a i n e d  i n  t h e  f e m a l e s '  
b rood  pouch may be l o s t  d u r i n g  s i e v i n g  i n  t h e  f i e l d  and s u b s e q u e n t  
p r o c e s s i n g  i n  t h e  l a b ,  t h e  f e m a l e s  w e re  g ro u p e d  i n t o  0.1-mm s i z e  c l a s s e s  
and t h e  maximum number o f  eggs  f o r  a f e m a l e  i n  eac h  s i z e  c l a s s  was
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T ab le  2. R e g r e s s i o n s  o f  b ro o d  s i z e  (E) on f e m a l e  l e n g t h  (L) f o r  t h e  1980 
t h r o u g h  1982 r e p r o d u c t i v e  s e a s o n s .
y e a r r e g r e s s i o n r n
1980 E = - 1 8 . 5  + 3 . 9 2 ( L ) 0 .856 26
1981 E = - 1 5 . 1  + 3 . 3 5 ( L ) 0 .7 6 9 28
1982 E = - 1 1 . 0  + 2 .6 8 (L ) 0 .727 25
p o o le d E = - 1 3 . 8  + 3 . 1 7 (L) 0 .773 79
d e t e r m i n e d ,  r e s u l t i n g  i n  25 t o  30 s i z e  c l a s s e s  f o r  each  y e a r .  For  eac h  
o f  t h e  t h r e e  r e p r o d u c t i v e  s e a s o n s  a r e g r e s s i o n  o f  number  o f  eggs  b ro o d e d  
v e r s u s  f e m a l e  body l e n g t h  was c a l c u l a t e d  (T ab le  2).  The r e g r e s s i o n  
l i n e s  w ere  compared  u s i n g  a n a l y s i s  o f  c o v a r i a n c e  (K le inbaum  and Kupper,  
1978) and w e re  d e t e r m i n e d  to  be n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  t h e r e f o r e  
t h e  d a t a  w e re  p o o le d  t o  y i e l d  a s i n g l e  e q u a t i o n  r e l a t i n g  maximum 
f e c u n d i t y  t o  f e m a l e  body l e n g t h  (F ig .  7).  The o v e r a l l  mean l e n g t h  o f  
o v i g e r o u s  f e m a l e s  d u r i n g  t h i s  p e r i o d  was 6.8 mm; a f e m a l e  o f  t h i s  s i z e  
p ro d u c e d ,  on a v e r a g e ,  7.9 eg g s .  T h i s  r e l a t i o n s h i p  and e s t i m a t e s  o f  t h e  
abundance  o f  o v i g e r o u s  f e m a l e s  w e re  u s e d  t o  c a l c u l a t e  t h e  number o f  eggs  
p roduced  d u r i n g  th e  1979 t h r o u g h  1981 r e p r o d u c t i v e  s e a s o n s .  D ur ing  t h i s  
p e r i o d  an e s t i m a t e d  mean o f  58 ,000 eggs  w ere  p ro d u c e d  p e r  m e t e r  o f  b e a c h  
p e r  r e p r o d u c t i v e  s e a s o n  (F ig .  8) .  The f i r s t  r e p r o d u c t i v e  peak  a c c o u n t e d  
f o r  a p p r o x i m a t e l y  one h a l f  o f  t h e  eggs  p r o d u c e d ,  and c o m p r i s e d  one t h i r d  
t o  one h a l f  o f  t h e  r e p r o d u c t i v e  f e m a l e s  i n  t h e  p o p u l a t i o n .
The r a t i o  o f  m a l e s  t o  f e m a l e s  was exam in ed  f o r  e a c h  c o h o r t .  The 
sex  r a t i o  w i t h i n  a c o h o r t  a t  any g i v e n  t i m e  was n o t  s i g n i f i c a n t l y  
d i f f e r e n t  f rom 1:1 (p>0.05) ,  w i t h  few e x c e p t i o n s  (Appendix B). These 
e x c e p t i o n s  can be  e x p l a i n e d  as  f o l l o w s :  1) a s  t h e  c o h o r t  i s  b e in g
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r e c r u i t e d ,  m a l e s  become s e x a b l e  a t  a s m a l l e r  s i z e  and e a r l i e r  age  t h a n  
f e m a l e s ,  r e s u l t i n g  i n  a b i a s  t o w a r d s  m a l e s  d u r i n g  t h e  f i r s t  1 t o  2 
m o n th s ;  2) p o s t - r e p r o d u c t i v e  f e m a l e s  do n o t  s u r v i v e  f o r  long  a f t e r  
r e l e a s i n g  t h e i r  b r o o d s  and  d i e  b e f o r e  t h e  m a l e s ;  3) d i s c r e p a n c i e s  
b e t w e e n  t h e  s e p a r a t i o n  o f  t h e  m a l e s  and f e m a l e s  i n t o  c o h o r t s ;  when t h i s  
o c c u r r e d  t h e  o v e r a l l  m a l e : f e m a l e  r a t i o  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  
f r o m  1 : 1 .
The o b s e r v a t i o n s  on t h e  l i f e  h i s t o r y  and r e p r o d u c t i v e  p a t t e r n s  o f
H. c a n a d e n s i s  a r e  s u m m a r ized  i n  F i g u r e  9. At any g i v e n  t i m e ,  t h e  
p o p u l a t i o n  i s  composed o f  t h r e e  g r o u p s  o f  i n d i v i d u a l s  f rom two c o h o r t s .  
T here  i s  a g ro u p  i n  age  c l a s s  1 w h ic h  w i l l  o v e r w i n t e r  and r e p r o d u c e  
d u r i n g  t h e  f o l l o w i n g  l a t e  s p r i n g  and e a r l y  summer.  Age c l a s s  0 i s  
d i v i d e d  i n t o  2 g r o u p s ;  t h e  f i r s t  i s  r e l e a s e d  d u r i n g  t h e  e a r l y  summer and 
w i l l  r e p r o d u c e  t h e  f o l l o w i n g  summer d u r i n g  th e  second  peak ,  t h e  second ,  
w h ich  i s  r e l e a s e d  d u r i n g  t h e  l a t e  summer w i l l  n o t  r e p r o d u c e  d u r i n g  t h e  
f o l l o w i n g  summer,  b u t  w i l l  d e l a y  r e p r o d u c t i o n  u n t i l  t h e  e a r l y  p a r t  o f  
t h e i r  s econd  summer.
L e n g th  and Weigh t  R e l a t i o n s h i p
The l e n g t h - f r e q u e n c y  h i s t o g r a m s  and r e p r o d u c t i v e  p a t t e r n s  i n  t h i s  
p o p u l a t i o n  o f  H a u s t o r i u s  c a n a d e n s i s  s t r o n g l y  s u g g e s t  t h e  p r e s e n c e  o f  two 
c o h o r t s  i n  t h e  p o p u l a t i o n .  I n  o r d e r  t o  c a l c u l a t e  p r o d u c t i o n ,  t h e  
abundances  and mean s i z e s  o f  t h e  i n d i v i d u a l  c o h o r t s  m us t  be d e t e r m i n e d .  
The l e n g t h - f r e q u e n c y  h i s t o g r a m s  w e re  s e p a r a t e d  i n t o  t h e  i n d i v i d u a l  
c o h o r t s ,  y i e l d i n g  e s t i m a t e s  o f  t h e  mean l e n g t h  and p r o p o r t i o n  o f  t h e  
p o p u l a t i o n  i n  e a c h  c o h o r t .  The ab u n d an c es  and mean l e n g t h s  o f  t h e  
c o h o r t s  a r e  p l o t t e d  i n  F i g u r e s  10 and 11. Com par ison  o f  t h e  b o t t o m  two
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p a n e l s  i n  F i g u r e  11 shows t h a t  f e m a l e s  a r e  l a r g e r  t h a n  m a l e s  ( s ee  
Appendix  B f o r  s t a t i s t i c a l  a n a l y s i s ) .
D a ta  on t h e  r e l a t i o n s h i p  b e t w e e n  l e n g t h  and w e i g h t  w e re  c o m p i l e d  on 
a m o n t h ly  b a s i s  b e t w e e n  S e p te m b e r ,  1980 and J u l y ,  1982.  P e r c e n t  a s h  
c o m p o s i t i o n  was a l s o  d e t e r m i n e d  and showed no p a t t e r n  a ro u n d  a mean o f  
22.8% o f  d r y  w e i g h t .  There  w e re  no d i f f e r e n c e s  b e t w e e n  t h e  r e g r e s s i o n s  
g rouped  by s e x ,  and o n ly  two o f  t h e  21 m on ths  -  J une  and J u l y ,  1982 -  
showed any s i g n i f i c a n t  d i f f e r e n c e s  f ro m  t h e  r e s t ,  t h e r e f o r e  a l l  d a t a  
were  p o o le d  and an o v e r a l l  f u n c t i o n a l  r e g r e s s i o n  was c a l c u l a t e d  (F ig .
12). Mean w e i g h t s  o f  t h e  c o h o r t s  ( F i g .  13) w e re  c a l c u l a t e d  u s i n g  t h e  
l e n g t h - w e i g h t  r e l a t i o n s h i p  and l e n g t h - f r e q u e n c y  s e p a r a t i o n .  The 
e s t i m a t e s  o f  mean c o h o r t  w e i g h t  can  s u b s e q u e n t l y  be u s e d  f o r  t h e  
c a l c u l a t i o n  o f  p r o d u c t i o n .
C a l o r i c  C o n te n t  R e l a t i o n s h i p s
Between 20 and 30 p e l l e t s  fo rm ed  f rom  8 t o  11 s i z e - s e x  c l a s s e s  o f  
H a u s t o r i u s  c a n a d e n s i s  w e re  com b u s ted  e a c h  month  f o r  14 m o n th s .  Mean 
m o n th ly  c a l o r i c  c o n t e n t  ( c a l o r i e s  p e r  gram d r y  w e i g h t )  shows a 
p ronounced  s e a s o n a l  c y c l e  a ro u n d  a mean o f  4391+24.3 c a l  gm p e a k in g  
i n  t h e  mid  to  l a t e  summer (F ig .  14). The mean a s h - f r e e  c a l o r i c  c o n t e n t  
o f  t h e  p o p u l a t i o n  was 5688+31.5 c a l  g m ( a s h - f r e e )  ■*". The mean c a l o r i c  
c o n t e n t  f o r  t h e  m a l e s  and f e m a l e s  a r e  p l o t t e d  s e p a r a t e l y ,  c l e a r l y  
i n d i c a t i n g  t h a t  t h e  p e r i o d i c i t y  i n  c a l o r i c  c o n t e n t  i s  due t o  m a l e s ,  w i t h  
f e m a l e s  e x h i b i t i n g  a s l i g h t l y  h i g h e r  mean c a l o r i c  c o n t e n t  (4371 c a l / g m )  
th a n  t h e  m a le s  (4356 c a l / g m ) ,  b u t  w i t h  a s m a l l e r  a m p l i t u d e  (F ig .  14). 
Compar ison  o f  t h e  p e r i o d i c  r e g r e s s i o n s  f o r  t h e  p o o l e d  f e m a l e s  v e r s u s  t h e  
f e m a l e s  e x c l u d i n g  r e p r o d u c t i v e  ( s e t i g e r o u s  and o v i g e r o u s )  f e m a l e s ,  shows 
t h a t  t h e  p o o l e d  f e m a l e s  h ave  a s l i g h t l y  l o w e r  a m p l i t u d e ,  i n d i c a t i n g  a
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r e d u c t i o n  i n  t h e  c a l o r i c  c o n t e n t  o f  t h e  r e p r o d u c t i v e  f e m a l e s ,  p e r h a p s  a s  
a r e s u l t  o f  t h e  r e l e a s e  o f  eggs  (T ab le  3) .  The c a l o r i c  c o n t e n t s  o f  
r e p r o d u c t i v e  f e m a l e s  and n o n - r e p r o d u c t i v e  f e m a l e s  w e re  com pared  u s i n g  a 
z - s c o r e  me thod  (K le inbaum  and K upper ,  1978) f o r  t h e  m on ths  i n  w h ic h  b o t h  
g ro u p s  w ere  p r e s e n t .  The c a l o r i c  c o n t e n t  o f  t h e  r e p r o d u c t i v e  f e m a l e s  
was found t o  be s i g n i f i c a n t l y  l o w e r  t h a n  t h e  n o n - r e p r o d u c t i v e  f e m a l e s  
(pC.OOl), s u g g e s t i n g  a r e d u c t i o n  due t o  r e l e a s e  o f  eggs .
Due t o  t h e  s m a l l  am oun ts  o f  t i s s u e  a v a i l a b l e ,  c a l o r i c  c o n t e n t  
d e t e r m i n a t i o n s  on eggs  and j u v e n i l e s  w ere  few ,  and n e c e s s i t a t e d  t h e  u s e
T ab le  3.  P e r i o d i c  r e g r e s s i o n s  o f  mean m o n th ly  c a l o r i c  c o n t e n t  ( c a l . / g m  
d r y  w t . ) f o r  s e g m e n t s  o f  t h e  p o p u l a t i o n .
E n t i r e  p o p u l a t i o n
C = 4391 -  250 s i n ( 9 )  -  1 1 .5  c o s ( 0 )  r  = .74  p<.01
Males
C = 4356 -  367 s i n ( 9 )  + 3 . 9 5  c o s ( 0 )  r  = .80  p< .01
P o o le d  Females
C = 4371 -  9 5 .6  s i n ( 0 )  -  5 8 . 4  c o s ( 0 )  r  = .13 n . s .  
N o n - r e p r o d u c t i v e  Females
C = 4403 -  126 s i n ( O )  -  103 cos (O )  r  = .38 n . s .
P o p u l a t i o n  e x c l u d i n g  J u v e n i l e s
C = 4370 -  241 s i n ( 0 )  - 2 4 . 6  c o s ( 0 )  r  = .80 p< .01
w here ,
o -  2 n  T 
9  '  1 2  T
and
T i s  t h e  d a t e  e x p r e s s e d  as  a d e c i m a l  month
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o f  w e t  o x i d a t i o n  t o  d e t e r m i n e  c a l o r i c  c o n t e n t .  A c o r r e c t i o n  f a c t o r  o f  
1.35 (based  on a d u l t  t i s s u e )  was u s e d  t o  c o n v e r t  t h e  v a l u e s  o b t a i n e d  
f rom w e t  o x i d a t i o n  t o  c o m p a r a b le  v a l u e s  f o r  bomb c a l o r i m e t r y .  Eggs had 
a d ry  w e i g h t  o f  9.138 X 10“ ^ mg/egg  and an a s h  c o n t e n t  o f  5.47%. The 
c a l o r i c  c o n t e n t  o f  eggs  was 6017+1529 c a l / g m ( d r y  w e i g h t )  d u r i n g  J u n e ,  
and 4856+589 c a l / g m ( d r y  w e i g h t )  d u r i n g  J u l y ,  1982.  The c a l o r i c  c o n t e n t  
o f  t h e  j u v e n i l e s  d u r i n g  t h e  same two months  was 5533+1954 and 4280+294 
c a l / g m ( d r y  w e i g h t ) .  I n  b o t h  t h e  egg and j u v e n i l e  d e t e r m i n a t i o n s ,  t h e  
J u l y  v a l u e  was a p p r o x i m a t e l y  80% o f  t h e  Ju n e .  P a i n e  (1971) and C r i s p  
(1971) have  d i s c u s s e d  t h e  w e t  o x i d a t i o n  t e c h n i q u e  and i t s  l i m i t a t i o n s .  
The m a j o r  p ro b le m  w i t h  t h i s  t e c h n i q u e  i s  t h a t  f rom  20% t o  30% o f  t h e  
p r o t e i n  p r e s e n t  in  t h e  s am p le  may n o t  be o x i d i z e d .  T h i s  t e c h n i q u e  
m e a s u re s  oxygen  demand w h ich  m u s t  t h e n  be c o n v e r t e d  t o  c a l o r i c  c o n t e n t  
based  on an a r b i t r a r y  v a l u e .  T h e r e f o r e ,  t h e s e  c a l o r i c  v a l u e s  a r e  g i v e n  
as  a r e l a t i v e  m e a s u re  f o r  t h e  s a k e  o f  c o m p l e t e n e s s .
P r o d u c t i o n
The a s h - f r e e  d r y  w e i g h t  (AFDW) p r o d u c t i o n  v a l u e s  f rom  e a c h  o f  t h e  
f o u r  m e thods  u sed  a r e  p r e s e n t e d  i n  T a b l e  4 f o r  t h r e e  o n e - y e a r  p e r i o d s .  
The v a l u e s  p r e s e n t e d  w i l l  t e n d  t o  be s l i g h t  u n d e r e s t i m a t e s  o f  t h e  t r u e  
p r o d u c t i o n  due t o  i g n o r i n g  t h e  p r o d u c t i o n  of  e x u v i a e .  The i n s t a n t a n e o u s  
g r o w th  and i n c r e m e n t  sum m at ion  m e thods  a g r e e  c l o s e l y ,  w h i l e  t h e  s i z e  
f r e q u e n c y  method  y i e l d s  v a l u e s  t h a t  a r e  b e t w e e n  50% and 110% p e r c e n t  
h i g h e r .  The r e s u l t s  f rom  t h e  r e m o v a l  sum m at ion  method  a r e  v e r y  low and 
do n o t  show a c o n s i s t e n t  p a t t e r n  when compared  t o  t h e  o t h e r  t h r e e  
m e thods .  The p r o d u c t i o n  and b io m a s s  d a t a  can be c o n v e r t e d  to  a p e r  
s q u a r e  m e t e r  b a s i s  by d i v i d i n g  t h e  v a l u e s  by t h e  mean w i d t h  o f  t h e
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d i s t r i b u t i o n  o f  |U_ c a n a d e n s i s  (80m), w h ic h  y i e l d s  an  a v e r a g e  p r o d u c t i o n ,
— 9 —1b a s e d  on t h e  i n s t a n t a n e o u s  g r o w t h  m e thod ,  o f  1.25 g m ( a s h - f r e e )  m y r  
The i n s t a n t a n e o u s  g r o w t h  m e thod  was c hosen  f o r  a l l  f u r t h e r  c o m p a r i s o n s .
C a l o r i c  p r o d u c t i o n  f o r  t h e  e n t i r e  p o p u l a t i o n  was a l s o  c a l c u l a t e d  
by c o n v e r t i n g  t h e  b i o m a s s  p r e s e n t  a t  a g i v e n  t i m e  t o  c a l o r i e s  u s i n g  t h e  
r e s u l t s  p r e s e n t e d  i n  F i g u r e  14 and T a b l e  3 and t h e  i n s t a n t a n e o u s  g r o w th  
method.  The o v e r a l l  p a t t e r n s  o f  p r o d u c t i o n  d i s p l a y e d  i n  F i g u r e s  15 
th r o u g h  17 and t h e  P /B  r a t i o s  (T ab le  5) and s e a s o n a l  d i f f e r e n c e s  (Tab le  
7) w ere  s i m i l a r  f o r  t h e  two b a s e s  o f  c o m p a r i s o n .  The P /B  r a t i o s  and
Tab le  4.  Com par ison  o f  a n n u a l  p r o d u c t i o n  e s t i m a t e s  (gm(AFDW) m ^ y r  
u s i n g  f o u r  m e th o d s .
Nov. 78 Nov. 79 Nov. 80
-  Nov. 79 -  Nov. 80 -  Nov. 81
I n s t a n t a n e o u s  Growth 101 .61  114.91  8 3 .9 2
In c rem en t  Summation 1 0 4 .6 8  1 1 0 .7 4  78 .97
Removal Summation 9 6 .0 5  50 .51  1 9 .5 4
S iz e - F r e q u e n c y  145 .79  180 .53  180 .81
P r o d u c t i o n  e s t i m a t e s  b a s e d  on l o g ( x + l )  t r a n s f o r m e d  ab u n d an c es  r a t h e r  th a n  
t h e  u n t r a n s f o r m e d  abundance  e s t i m a t e s  u s e d  ab o v e .
Nov. 78 Nov. 79
-  Nov. 79 -  N ov .80
I n s t a n t a n e o u s  Growth 6 2 .2 6  79 .57
In c rem en t  Summation 6 4 .0 5  76 .57
Removal Summation 6 4 .0 5  7 7 .1 4
S i z e -F r e q u e n c y  99 .97  125 .35
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T a b le  5. Com par ison  o f  P /B  r a t i o s  b a s e d  on a s h - f r e e  d r y  w e i g h t  and 
c a l o r i e s ,  u s i n g  t h e  i n s t a n t a n e o u s  g ro w th  m e thod .
P ( / m / y r )  B ( /m) P/B
Nov. 78 -  Nov. 79
AFDW 101 .61  59 .93  1 .7 0
k c a l  5 9 2 .2 2  3 3 6 . 2 4  1 .7 6
Nov. 79 -  Nov.  80
AFDW 114 .91  7 3 .0 8  1 .57
k c a l  6 7 1 .7 9  407 .11  1 .6 5
Nov. 80 -  Nov. 81
AFDW 8 3 . 9 2  7 1 .3 8  1 .1 8
k c a l  4 9 7 .9 5  4 0 6 .2 4  1 .23
Tab le  6. A nnual  p r o d u c t i o n  (gm a s h - f r e e / m e t e r / y r . )  and a v e r a g e  b io m a s s  
(gm a s h - f r e e / m e t e r )  o f  m a l e s  and f e m a l e s  b a s e d  on t h e  i n s t a n t a n e o u s  
g r o w th  method .
P B P/B
Nov. 78 -  Nov. 79
Males 2 5 .8 8  2 6 .8 8  0 .9 6
Females  3 4 .2 9  29 .46  1 .16
Nov. 79 -  Nov. 80
Males 3 0 . 7 5  3 5 .5 0  0 .8 7
Females  39 .13  3 5 .8 3  1 .09
Nov.80 -  Nov. 81
Males 3 9 .0 1  32 .07  1 .2 2
Females  28 .39  3 7 . 0 2  0 .7 7
I
22
T ab le  7. C om pa r i son  o f  p r o d u c t i o n  d u r i n g  summer (May t h r o u g h  m i d -  
S e p te m b er )  and w i n t e r  ( m i d - S e p te m b e r  t h r o u g h  A p r i l )  s e a s o n s ,  a v e r a g e d  
o v e r  f o u r  y e a r s .  The r a t i o  o f  summer t o  w i n t e r  p r o d u c t i o n  i s  a l s o  g i v e n .
P ro d . (g m /m )  R a t i o
P o o le d  P o p u l a t i o n  -  AFDW
Summer 71 .73  4 . 6 5
W in te r  15 .43
P o o le d  P o p u l a t i o n  -  k c a l
Summer 4 1 1 . 9 5  4 . 7 9
W in te r  8 5 .9 4
Females  -  AFDW
Summer 2 3 .5 5  3 .4 3
W i n te r  6 . 8 7
Females  + Eggs 28 .73  4 . 1 8
Males -  AFDW
Summer 26 .91  1 0 .8 5
W i n te r  2 .4 8
s e a s o n a l  d i f f e r e n c e s  w e r e  s l i g h t l y  h i g h e r  when c a l c u l a t e d  a s  c a l o r i e s  
due t o  t h e  s e a s o n a l  p e r i o d i c i t y  i n  c a l o r i c  c o n t e n t .  The f o l l o w i n g  
d i s c u s s i o n  w i l l  o n l y  d e a l  w i t h  p r o d u c t i o n  i n  t e r m s  o f  b io m a s s  ( a s h - f r e e  
d ry  w e i g h t )  b e c a u s e  o f  t h e s e  s i m i l a r i t i e s .  The P /B  r a t i o s  f o r  m a le s  and 
f e m a l e s  a r e  compared  i n  T a b le  6. For  two o f  t h e  t h r e e  y e a r s  p r e s e n t e d ,  
t h e  f e m a l e s  had  a h i g h e r  P/B r a t i o  t h a n  t h e  m a l e s ;  i n  t h e  t h i r d  y e a r  t h e  
p a t t e r n  was r e v e r s e d .
The p a t t e r n s  o f  p r o d u c t i o n  i n  IL. c a n a d e n s i s  a r e  h i g h l y  s e a s o n a l .  
P r o d u c t i o n  r a t e s  ( F i g s .  15 and 16) a r e  m a x im a l  d u r i n g  t h e  summer m on ths  
and drop  t o  low v a l u e s  d u r i n g  t h e  w i n t e r .  Fo r  t h e  p o p u l a t i o n  a s  a w hole  
t h e  p r o d u c t i o n  d u r i n g  t h e  summer m onths  (May t h r o u g h  m i d - S e p t e m b e r )  i s  
b e t t e r  t h a n  4.5 t i m e s  t h a t  o c c u r r i n g  d u r i n g  t h e  w i n t e r  ( m i d - S e p te m b e r  
t h r o u g h  A p r i l )  (T ab le  7 . ) .  F e m a le s  p ro d u c e  3.5 t i m e s  a s  much b io m a s s  in  
t h e  summer a s  i n  t h e  w i n t e r ;  i n  a d d i t i o n  egg p r o d u c t i o n  (Pr ) a v e r a g e s  
5.18 gm m  ^ d u r i n g  t h e  r e p r o d u c t i v e  s e a s o n .  P r o d u c t i o n  by m a le s
a v e r a g e s  a b o u t  27 gm m ^ d u r i n g  t h e  summer a s  com pared  t o  2.5 gm m  ^
d u r i n g  th e  w i n t e r .  The d a t a ,  i n  a d d i t i o n  to  t h e  c a l o r i c  c o n t e n t  
p a t t e r n s ,  s u g g e s t  t h a t  f e m a l e s  m a i n t a i n  a f a i r l y  s t a b l e  r a t e  o f  
p r o d u c t i o n  t h r o u g h o u t  t h e  y e a r ,  w h i l e  m a le s  seem t o  show a more  d r a m a t i c  
s e a s o n a l  p e r i o d i c i t y  i n  g r o w t h  and c a l o r i c  c o n t e n t .  P r o d u c t i o n  r a t e s  o f  
i n d i v i d u a l  c o h o r t s  (F ig .  18) show a r i s e  i n  p r o d u c t i o n  d u r i n g  l a t e  
summer a s  t h e  c o h o r t  i s  b e i n g  r e c r u i t e d  i n t o  t h e  p o p u l a t i o n ,  f o l l o w e d  by 
a d e c l i n e  d u r i n g  t h e  w i n t e r  m on ths .  Maximum c o h o r t  p r o d u c t i o n  r a t e s  
o c c u r  d u r i n g  t h e  f i r s t  summer a f t e r  r e c r u i t m e n t ,  f a l l  a g a i n  d u r i n g  t h e  
s u b s e q u e n t  w i n t e r ,  and may i n c r e a s e  d u r i n g  t h e  c o h o r t ' s  second  summer.
1. D i s t r i b u t i o n  and D e n s i t y  o f  t h e  H a u s t o r i u s  
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2. Abundance o f  H a u s t o r i u s  c a n a d e n s i s  a t  Long Sands ,  
Maine .  V e r t i c a l  b a r s  i n d i c a t e  t h e  95% c o n f i d e n c e  
i n t e r v a l  o f  t h e  mean.  S o l i d  l i n e  i n d i c a t e s  t h e  smoothed  
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3a.  L en g th  f r e q u e n c y  h i s t o g r a m s  f o r  H a u s t o r i u s  
c a n a d e n s i s  f o r  t h e  p e r i o d  A p r i l ,  1980 t h r o u g h  
J u l y ,  1980.  M ales  a r e  l o c a t e d  i n  t h e  u p p e r  l e f t  
q u a d r a n t ,  f e m a l e s  i n  t h e  u p p e r  r i g h t ,  j u v e n i l e s  i n  
t h e  l o w e r  l e f t ,  and t h e  s e t i g e r o u s  and o v i g e r o u s  
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Figure 3a.
3b.  L e n g t h - f r e q u e n c y  h i s t o g r a m s  f o r  H a u s t o r i u s  c a n a d e n s i s  
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3c .  L e n g t h - f r e q u e n c y  h i s t o g r a m s  f o r  H a u s t o r i u s  c a n a d e n s i s  
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4.  P e r c e n t a g e  o f  t o t a l  f e m a l e s  b e a r i n g  eggs  d u r i n g  
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5. Mean l e n g t h s ,  and 95% c o n f i d e n c e  i n t e r v a l s ,  f o r  
o v i g e r o u s  and n o n - r e p r o d u c t i v e  f e m a l e s  d u r i n g  t h e  1979 
and 1980 r e p r o d u c t i v e  s e a s o n s .  A rrows  i n d i c a t e  c e n t r a l  
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6. S u r f  t e m p e r a t u r e s  a t  Long Sands ,  Maine.  The f i t t e d  
p e r i o d i c  r e g r e s s i o n  i s ;
T (°C)  = 9 . 3 2  -  6 . 7 5  s i n 0  -  3 . 1 3  cosG 
n = 41 r  = .95
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7. R e g r e s s i o n  o f  b ro o d  s i z e  on f e m a l e  body l e n g t h  
w i t h  95% c o n f i d e n c e  bands .  P o i n t s  a r e  t h e  o b s e r v e d  
maximum num ber  o f  eggs  i n  e a c h  s i z e  c l a s s  f rom  t h e  1980 
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8 .  Abundance  o f  eggs  p e r  m e t e r  o f  b e a c h  f r o n t  d u r i n g  
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9. Summary o f  t h e  l i f e  h i s t o r y  p a t t e r n s  o f  H a u s t o r i u s  
c a n a d e n s i s  a t  Long Sands ,  Maine .  C o h o r t s  a r e  i n d i c a t e d  
by a a r a b i c  n u m e r a l ,  and t h e  r e c r u i t m e n t  and b r e e d i n g  
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F i g .  10. Abundances  o f  t h e  1977 t h r o u g h  1981 c o h o r t s  o f
H a u s t o r i u s  c a n a d e n s i s  b a s e d  on t h e  s e p a r a t i o n  o f  t h e  
l e n g t h - f r e q u e n c y  h i s t o g r a m s .  The c o h o r t s  a r e  i n d i c a t e d  a s  
f o l l o w s :  1977 by c i r c l e s ;  1978 by t r i a n g l e s ;  1979 by 
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Fig. 11. Mean l e n g t h s  o f  t h e  1977 t h r o u g h  1981 c o h o r t s ,  
b a s e d  on t h e  l e n g t h  f r e q u e n c y  s e p a r a t i o n .  C o h o r t s  a r e  
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12. F u n c t i o n a l  r e g r e s s i o n  o f  w e i g h t  (gm a s h - f r e e )  on 
l e n g t h  (mm), w i t h  95% c o n f i d e n c e  band.  The r e g r e s s i o n  
e q u a t i o n  i s ;
log(W) = - 5 . 0 1  + 3 . 1 5  lo g ( L )  















13. Mean w e i g h t s  o f  t h e  1977 t h r o u g h  1981 c o h o r t  
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14. Mean m o n t h l y  c a l o r i c  c o n t e n t  o f  t h e  H a u s t o r i u s  
c a n a d e n s i s  p o p u l a t i o n ,  m a l e s  and f e m a l e s  w i t h  95% 
c o n f i d e n c e  i n t e r v a l s  and f i t t e d  p e r i o d i c  r e g r e s s i o n s  on 
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15. Raw p r o d u c t i o n  r a t e s  (AFDW) f o r  H a u s t o r i u s  
c a n a d e n s i s ,  c a l c u l a t e d  by t h e  i n s t a n t a n e o u s  g r o w t h  
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F i g .  16. Smoothed p r o d u c t i o n  r a t e s  b a s e d  on t h e  d a t a  
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17. P r o d u c t i o n  r a t e  o f  e n t i r e  p o p u l a t i o n  b a s e d  on 
c a l o r i e s  and c a l c u l a t e d  u s i n g  t h e  i n s t a n t a n e o u s  g r o w t h  
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18. Cohor t  p r o d u c t i o n  r a t e s  f o r  t h e  1977 t h r o u g h  1981 
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L i f e  H i s t o r y
The d a t a  p r e s e n t e d  i n d i c a t e  t h a t  a t  Long Sands H a u s t o r i u s  c a n a d e n s i s  
e x h i b i t s  a mixed  a n n u a l / b i a n n u a l  l i f e  h i s t o r y .  An i n d i v i d u a l  c o h o r t  i s  
composed o f  two g r o u p s  ( F ig .  9).  The f i r s t  g ro u p ,  h a t c h i n g  in  t h e  e a r l y  
summer,  has  s u f f i c i e n t l y  f a v o r a b l e  g r o w in g  c o n d i t i o n s  d u r i n g  t h e  
r e m a i n d e r  o f  t h e  summer and t h e  f o l l o w i n g  s p r i n g  t o  r e a c h  t h e  c r i t i c a l  
s i z e  f o r  r e p r o d u c t i o n  by t h e  l a t t e r  p a r t  o f  t h e  summer a f t e r  h a t c h i n g  
and t o  r e p r o d u c e .  Those i n d i v i d u a l s  h a t c h i n g  i n  t h e  l a t e  summer have  a 
l i m i t e d  g r o w in g  s e a s o n  r e m a i n i n g .  T h i s  g ro u p  r e q u i r e s  t h e  e n t i r e  
f o l l o w i n g  summer in  o r d e r  t o  a p p r o a c h  t h e  c r i t i c a l  s i z e ,  b u t  a r e  u n a b l e  
to  r e p r o d u c e  due t o  t h e  f a l l i n g  w a t e r  t e m p e r a t u r e s  a f t e r  t h e  second  
summer.  They o v e r w i n t e r  a g a i n ,  and a r e  r e a d y  t o  t a k e  a d v a n t a g e  o f  t h e  
r i s i n g  w a t e r  t e m p e r a t u r e s  i n  t h e  s p r i n g  f o r  r e p r o d u c t i o n ;  t h i s  g roup  o f  
two y e a r - o l d s  i s  r e s p o n s i b l e  f o r  t h e  f i r s t  o b s e r v e d  p eak  o f  
r e p r o d u c t i o n .  T h i s  t y p e  o f  l i f e  h i s t o r y  p a t t e r n  has  n o t  b e e n  r e p o r t e d  
f o r  any o t h e r  h a u s t o r i i d  amphipod  a l o n g  t h e  N o r th  A m er ic an  A t l a n t i c  
c o a s t ,  i n c l u d i n g  t h e  p o p u l a t i o n  o f  1L. c a n a d e n s i s  s t u d i e d  by  Samaeoto  
( 1 9 6 9 a )  on  Cape  Cod.
Sam aeo to ' s  (1969a) d a t a  s u p p o r t  h i s  f i n d i n g  o f  an a n n u a l  l i f e  c y c l e  
f o r  IL_ cana dens  i s  on t h e  s o u t h e r n  s h o r e  o f  Cape Cod. H is  d a t a  on t h e  
p e r c e n t  o f  f e m a l e s  b e a r i n g  eggs  d u r i n g  t h e  summer i n d i c a t e  t h a t  90% t o  
95% o f  t h e  f e m a l e s  r e p r o d u c e ,  a s  com pared  t o  60% t o  65% r e p r o d u c i n g  eac h  
summer a t  Long Sands .  His  l e n g t h - f r e q u e n c y  h i s t o g r a m s  le n d  f u r t h e r  
s u p p o r t  t o  an a n n u a l  l i f e  h i s t o r y  i n t e r p r e t a t i o n .  I n  a d d i t i o n  t h e
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f e c u n d i t y  o f  t h e  Long Sands p o p u l a t i o n  i s  l o w e r  t h a n  t h e  B la ck  Beach 
p o p u l a t i o n ;  7.9 eggs  p e r  b ro o d  as  compared  t o  11.1, on a v e r a g e .  A 
r e v i e w  o f  t h e  d a t a  on o t h e r  h a u s t o r i i d  s p e c i e s  (C ro k e r ,  1967b, 1977; 
D e x t e r ,  1967,  1971;  S am a eo to ,  1969a ,b )  i n d i c a t e s  t h a t  as  one p r o c e d e s  
s o u t h w a r d  f rom  n o r t h e r n  New E n g lan d ,  t h e  o c c u r r e n c e  o f  s p e c i e s  h a v in g  
m u l t i p l e  g e n e r a t i o n s  p e r  y e a r  i n c r e a s e s  a s  does  t h e  l e n g t h  o f  t h e  
r e p r o d u c t i v e  p e r i o d .  F o r  ex am p le ;  A c a n t h o h a u s t o r i u s  m i l l s i  a t  Long 
Sands (C ro k e r ,  1977) and on Cape Cod (S am aeo to ,  1969b) has  an a n n u a l  
l i f e  h i s t o r y  w i t h  a r e p r o d u c t i v e  s e a s o n  f ro m  May t h r o u g h  S e p te m b e r .  I n  
N or th  C a r o l i n a  t h i s  s p e c i e s  i s  r e p r o d u c t i v e  y e a r  round  w i t h  p eak s  in  
s p r i n g  and l a t e  summer ( D e x t e r ,  1967).  H a s t i n g s  (1981) r e p o r t s  a 
s i m m i l a r  p a t t e r n  i n  A m p e l i s c a  b r e v i c o r n i s ,  w h ic h  has  a b i v o l t i n e  l i f e  
h i s t o r y  n e a r  M a r s e i l l e s ,  F r a n c e ,  and a u n i v o l t i n e  l i f e  h i s t o r y  w i t h  a 
s h o r t e n e d  b r e e d i n g  p e r i o d  in  t h e  H e lg o l a n d  B ig h t  (N or th  Sea) .  He 
s u g g e s t s  t h a t  t h e  change  i n  l i f e  h i s t o r y ,  a s h o r t e n e d  b r e e d i n g  p e r i o d  
and an i n c r e a s e d  l i f e  s p a n ,  i s  due t o  changes  i n  t h e  e n v i r o n m e n t a l  
t e m p e r a t u r e  r e g im e .
The g e o g r a p h i c  d i s t r i b u t i o n  o f  a s p e c i e s  i s  l i m i t e d  t o  t h o s e  
r e g i o n s  i n  w h ich  i t  can  s u r v i v e  and r e p r o d u c e .  T e m p e r a t u re  i s  p e r h a p s  
t h e  m o s t  i m p o r t a n t  e n v i r o n m e n t a l  f a c t o r  i n f l u e n c i n g  t h e  d i s t r i b u t i o n  o f  
o r g a n i s m s  i n  t h e  m a r i n e  e n v i ro n m e n t  (V ern b e rg ,  1962; L e v i n t o n ,  1982),  
a l t h o u g h  h i s t o r i c a l  f a c t o r s  m us t  be c o n s i d e r e d  ( B o u s f i e l d  and Thomas, 
1975; P i e l o u ,  1979).  I n  h i s  d i s c u s s i o n  o f  t h e  r o l e  o f  t e m p e r a t u r e  i n  
d e t e r m i n i n g  d i s t r i b u t i o n a l  l i m i t s ,  H u t c h i n s  (1947) s t a t e s  t h a t  s u r v i v a l  
may be l i m i t e d  i n  a p o l e w a r d  d i r e c t i o n  by minimum w i n t e r  t e m p e r a t u r e s ,  
and by maximum summer t e m p e r a t u r e s  t o w a r d s  t h e  e q u a t o r .  R e p r o d u c t i o n  i s  
l i m i t e d  by minimum summer t e m p e r a t u r e s  t o w a r d  t h e  p o l e s ,  and maximum
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w i n t e r  t e m p e r a t u r e s  t o w a r d s  t h e  e q u a t o r .  By u t i l i z i n g  c o m b i n a t i o n s  o f  
t h e s e  p h y s i o l o g i c a l  l i m i t s ,  H u tc h i n s  (1947) d e f i n e d  f o u r  t y p e s  of  
d i s t r i b u t i o n a l  p a t t e r n s .  I t  i s  my i n t e n t  t o  exam ine  t h e  g e o g r a p h i c  
d i s t r i b u t i o n  and l i f e  h i s t o r y  o f  IL_ c a n a d e n s i s  i n  t h e  l i g h t  o f  t h i s  
t h e o r y  and t h e  a v a i l a b l e  p h y s i o l o g i c a l  and e n v i r o n m e n t a l  d a t a .
B o u s f i e l d  (1970) c o n s i d e r s  h a u s t o r i i d  am phipods  t o  be  p r i m a r i l y  
w a r m - t e m p e r a t e  i n  t h e i r  d i s t r i b u t i o n  and t o  be r a d i a t i n g  a l o n g  th e  
s o u t h e a s t e r n  U n i t e d  S t a t e s  c o a s t .  H a u s t o r i u s  c a n a d e n s i s  i s  one o f  t h e  
m os t  n o r t h e r l y  o c c u r r i n g  members  o f  t h e  H a u s t o r i i d a e  ( s e n s u  B o u s f i e l d ,  
1978),  e x t e n d i n g  i n t o  t h e  b o r e a l  r e g i o n ,  w h i l e  m o s t  o t h e r  h a u s t o r i i d s  
have  t h e i r  n o r t h e r n  l i m i t  a t  Cape Cod. H a u s t o r i u s  c a n a d e n s i s  o c c u r s  
from s o u t h e r n  V i r g i n i a ,  n o r t h w a r d  a l o n g  t h e  A t l a n t i c  c o a s t  i n t o  c e n t r a l  
Maine,  and i s  a l s o  found  i n  t h e  s o u t h w e s t e r n  G u l f  o f  S t .  Lawrence  
( B o u s f i e l d ,  1973).  The d i s t r i b u t i o n  o f  IL_ c a n a d e n s i s  c o r r e s p o n d s  to  
r e g i o n s  h a v i n g  a summer w a t e r  t e m p e r a t u r e  o f  a t  l e a s t  15°C. From 
c e n t r a l  Maine t o  Cape Cod summer w a t e r  t e m p e r a t u r e s  r a n g e  b e t w e e n  15° 
and 18°C; s o u t h  o f  Cape Cod summer t e m p e r a t u r e s  ex c e e d  18°C ( B o u s f i e l d  
and Thomas,  1975).  At Long Sands  t h e  maximum a v e r a g e  s u r f  t e m p e r a t u r e  
n o r m a l l y  r e a c h e d  i s  16.8°C in  e a r l y  A ugus t  (F ig .  6) ,  a l t h o u g h  i t  may 
r e a c h  18°-19°C u n d e r  c e r t a i n  c o n d i t i o n s .  C o r r e s p o n d in g  t o  th e  
t e m p e r a t u r e  b r e a k  a t  Cape Cod i s  a s h i f t  i n  t h e  l i f e  h i s t o r y  o f  H. 
c a n a d e n s i s .  On t h e  s o u t h  s h o r e  o f  Cape Cod 1L_ c a n a d e n s i s  e x h i b i t s  an 
a n n u a l  l i f e  h i s t o r y  (Sam aeo to ,  1969a);  n o r t h  o f  t h e  Cape,  a t  Long Sands ,  
i t  e x h i b i t s  a  mixed  a n n u a l / b i a n n u a l  l i f e  h i s t o r y .  T h i s  s h i f t  i n  l i f e  
h i s t o r y  i s  due t o  g e n e r a l l y  lo w e r  t e m p e r a t u r e s  r e s u l t i n g  in  a s h o r t e r  
g ro w in g  s e a s o n  p r o l o n g i n g  th e  t i m e  n e c e s s a r y  t o  r e a c h  t h e  c r i t i c a l  s i z e  
f o r  r e p r o d u c t i o n .  I f  1L_ c a n a d e n s i s  was u n a b l e  t o  s u r v i v e  a second
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w i n t e r  i n  o r d e r  t o  r e p r o d u c e  t h e  f o l l o w i n g  summer,  t h e n  t h e  p o p u l a t i o n  
would  n o t  be a b l e  t o  s u r v i v e  f o r  more  t h a n  a y e a r  o r  tw o .  I t  i s  f u r t h e r  
s u g g e s t e d  t h a t  i n  t h e  c o o l e r  w a t e r s  n o r t h  o f  c e n t r a l  M aine ,  t h i s  i s  t h e  
c a s e  and c o n s e q u e n t l y  t h e  c r i t i c a l  s i z e  i s  n e v e r  r e a c h e d .  F o l l o w i n g  
t h i s  r e a s o n i n g ,  i t  i s  a p p a r e n t  t h a t  Ih_ c a n a d e n s i s  (and  p e r h a p s  o t h e r  
h a u s t o r i i d s )  i s  l i m i t e d  a t  i t s  n o r t h e r n  e x t r e m e  by i t s  i n a b i l i t y  t o  
r e p r o d u c e .
A c c o rd in g  to  H u t c h i n s '  (1947) t h e o r y  t h e r e  a r e  two p o s s i b l e  
e x p l a n a t i o n s  f o r  t h e  e q u a t o r w a r d  l i m i t  o f  d i s t r i b u t i o n  o f  an o r g a n i s m ;
1) s u r v i v a l  i s  p r o h i b i t e d  by e x t r e m e  summer t e m p e r a t u r e s ,  and 2) 
r e p r o d u c t i o n  i s  l i m i t e d  t o  a maximum w i n t e r  t e m p e r a t u r e .  H a u s t o r i i d  
am phipods  a r e  p r i m a r i l l y  warm t e m p e r a t e  in  d i s t r i b u t i o n  and b r e e d  d u r i n g  
t h e  summer months  ( B o u s f i e l d ,  1970). And, a s  m e n t i o n e d  p r e v i o u s l y ,  t h e  
r e p r o d u c t i v e  s e a s o n s  o f  h a u s t o r i i d s  t e n d  to  l e n g t h e n ,  o f t e n  w i t h  
m u l t i p l e  g e n e r a t i o n s  o r  b r o o d s  p e r  y e a r ,  t o w a r d s  t h e  s o u t h e r n  p o r t i o n s  
o f  t h e i r  d i s t r i b u t i o n .  T h e r e f o r e  i t  seems u n l i k e l y  t h a t  t h e  s o u t h e r n  
l i m i t  o f  t h e  d i s t r i b u t i o n  o f  h a u s t o r i i d s  i s  d e t e r m i n e d  by t h e  i n a b i l i t y  
t o  r e p r o d u c e .
H a u s t o r i i d  am phipods  i n h a b i t i n g  t h e  u p p e r  r e a c h e s  o f  t h e  i n t e r t i d a l  
have  b e e n  shown to  have h i g h e r  t o l e r a n c e s  t o  t e m p e r a t u r e  t h a n  lo w e r  
i n t e r t i d a l  and s u b t i d a l  s p e c i e s  (C ro k e r ,  1967b; Sam aeo to ,  1969c).  
Samaeoto  (1969c) found t h a t  50% o f  t h e  Ik. c a n a d e n s i s  t e s t e d  s u r v i v e d  f o r  
6 days  in  w a t e r  s a t u r a t e d  a i r  a t  25°C; a f t e r  12 days  a l l  had d i e d .  H. 
c a n a d e n s i s  c o u l d  a l s o  s u r v i v e  s h o r t  p e r i o d s  o f  i m m e r s io n  (3 m i n u t e s )  in  
t e m p e r a t u r e s  up t o  39°C. D e x t e r  (1971) r e c o r d e d  summer s u b s t r a t u m  
t e m p e r a t u r e s  o f  33°C in  t h e  N o r th  C a r o l i n a  i n t e r t i d a l .  C ro k e r  (1967b) 
i n  G e o r g ia ,  m e a su re d  a i r  t e m p e r a t u r e s  o f  40°C a t  0.5 cm above t h e  s e d i ­
ment s u r f a c e  and s u r f  t e m p e r a t u r e s  o f  30°C d u r i n g  t h e  summer.  He e s t i ­
m a ted  t h a t  a n i m a l s  l i v i n g  i n  t h e  mid  t o  u p p e r  i n t e r t i d a l  a t  a d e p t h  o f  
2.5 cm e x p e r i e n c e d  t e m p e r a t u r e s  as  h i g h  as  35°C f o r  5 h o u r s  d u r i n g  a 
summer low t i d e .  D ur ing  e x t r e m e  e n v i r o n m e n t a l  c o n d i t i o n s  a t  Long Sands 
d u r i n g  t h e  summer o f  1978,  C roker  and H a t f i e l d  ( p e r s .  com.) o b s e r v e d  
t e m p e r a t u r e s  o f  40°C i n  t h e  to p  0.5 cm o f  s e d i m e n t  a t  h i g h  i n t e r t i d a l  
l e v e l s .  At t h i s  t i m e  ]L_ c a n a d e n s i s  w ere  o b s e r v e d  b u r r o w in g  o u t  o f  t h e  
s e d i m e n t s  and dy in g  a t  t h e  s u r f a c e .  C l e a r l y  t h e  p h y s i o l o g i c a l  
t o l e r a n c e s  o f  IL_ c a n a d e n s i s  a r e  such  t h a t  t h i s  s p e c i e s  would  n o t  be a b l e  
t o  s u r v i v e  t h e  summer c o n d i t i o n s  a t  h a b i t a t s  s o u t h  o f  V i r g i n i a .
I n  summary,  IL_ c a n a d e n s i s  d i s p l a y s  H u t c h i n s '  (1947) Type 3 d i s t r i ­
b u t i o n  p a t t e r n .  The s p e c i e s  n o r t h e r n  l i m i t  i s  f i x e d  by i t s  i n a b i l i t y  t o  
r e p r o d u c e  a t  t e m p e r a t u r e s  b e lo w  15°C. H^ c a n a d e n s i s  i s  a b l e  t o  e x t e n d  
i t s  d i s t r i b u t i o n  i n t o  w a t e r s  w i t h  summer t e m p e r a t u r e s  in  t h e  15° t o  18°C 
r a n g e  by a d o p t i n g  a mixed  a n n u a l / b i a n n u a l  l i f e  h i s t o r y .  With  summer 
t e m p e r a t u r e s  in  e x c e s s  o f  18°C i t  d i s p l a y s  ah a n n u a l  l i f e  h i s t o r y .  The 
s o u t h e r n  l i m i t  o f  i t s  d i s t r i b u t i o n  a p p e a r s  t o  be a r e s u l t  o f  t h e  
i n a b i l i t y  t o  s u r v i v e  t h e  maximum summer t e m p e r a t u r e s .  T he re  a r e  s e v e r a l  
q u e s t i o n s  t h a t  r e m a i n  t o  be a n s w e re d  b e f o r e  t h i s  i d e a  o f  l i f e  h i s t o r y  
g r a d i e n t s  can  be f u l l y  e s t a b l i s h e d ;  w ha t  i s  t h e  l i f e  h i s t o r y  o f  H. 
c a n a d e n s i s  a t  i t s  s o u t h e r n  l i m i t  i n  V i r g i n i a ? ,  in  t h e  w arm er  w a t e r s  o f  
t h e  G u lf  o f  S t .  L aw ren ce ? ;  does  A c a n t h o h a u s t o r i u s  m i l l s i .  w h ich  spans  
t h e  B o r e a l ,  V i r g i n i a n ,  and C a r o l i n i a n  p r o v i n c e s ,  have a s i m i l a r  l i f e  
h i s t o r y  t o  lh_ c a n a d e n s i s  a t  Long Sands? ,  what  ab o u t  a t  i t s  s o u t h e r n  
l i m i t  i n  F l o r i d a ,  o r  b e tw e e n ?  S i m i l a r  q u e s t i o n s  can  be a s k e d  a b o u t  t h e  
o t h e r  h a u s t o r i i d s  a lo n g  t h i s  g r a d i e n t .
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P a t t e r n s  o f  C a l o r i c  C o n te n t
The mean c a l o r i c  c o n t e n t  o f  H a u s t o r i u s  c a n a d e n s i s  [4391 c a l  gm(dry  
w e i g h t ) - *, o r  5688 c a l  g m ( a s h - f r e e )  *] l i e s  n e a r  t h e  m i d d l e  o f  t h e  r a n g e  
o f  c a l o r i c  c o n t e n t s  o f  o t h e r  p e r a c a r i d s .  P e r c y  (1979) i n v e s t i g a t e d  t h e  
b i o c h e m i c a l  c o m p o s i t i o n  o f  t h e  amphipod O n is im us  a f f i n i s  and compared  
i t s  c a l o r i c  c o n t e n t  (3290 -  4180 c a l  gm *) w i t h  t h a t  o f  o t h e r  am phipods ,  
w h ich  r a n g e d  f rom 2319 c a l  gm * t o  5807 c a l  gm(dry  w e i g h t )  *. H a s t i n g s  
(1981) gave  r a n g e s  o f  3110-4665  c a l  gm- '*' f o r  A m p e l i s c a  b r e v i c o r n i s . and 
4785-6100 c a l  gm- '* f o r  U ro th o e  b r e v i c o r n i s  i n  t h e  U.K. P o n t o p o r e i a  
a f f i n i s  h a s  a c a l o r i c  c o n t e n t  o f  5346 c a l  gm- * ( C e d e r w a l l ,  1977).  The 
h y p e r i i d  am phipod P a r a t h e m i s t o  g a u d i c a u d i  h a s  a c a l o r i c  c o n t e n t  o f  5138 
c a l  g m ( a s h - f r e e ) - * ( W i l l i a m s  and R o b in s ,  1979) ,  w h i l e  t h e  i s o p o d  I d o t e a  
b a l t i c a  h a s  a v a l u e  o f  5303 c a l  g m ( a s h - f r e e )  * (S t ro n g  and Daborn,
1 9 7 8 ) .
H a u s t o r i u s  c a n a d e n s i s  shows a m arked  s e a s o n a l  p a t t e r n  i n  mean 
m o n t h ly  c a l o r i c  c o n t e n t .  S e a s o n a l  d i f f e r e n c e s  in  c a l o r i c  c o n t e n t  f o r  
s e v e r a l  c r u s t a c e a n s  have  b een  a t t r i b u t e d  t o  r e p r o d u c t i v e  a c t i v i t y  
( H a s t i n g s ,  1981; P e r c y ,  1979;  S t ro n g  and Daborn ,  1978;  T y l e r ,  1973).  I n  
H. c a n a d e n s i s  p eak  c a l o r i c  c o n t e n t  o c c u r s  a t  t h e  end o f ,  r a t h e r  t h a n  
p r i o r  t o ,  o r  e a r l y  i n  t h e  r e p r o d u c t i v e  s e a s o n .  I n  a d d i t i o n ,  i f  t h e  p eak  
was due t o  t h e  s e a s o n a l  p r o d u c t i o n  o f  l i p i d  r i c h  eg g s ,  t h e  c y c l e  s h o u ld  
be more  p rono u n ced  i n  f e m a l e s  t h a n  i n  m a l e s .  However ,  t h e  r e v e r s e  i s  
t r u e ;  f e m a l e s  show no change  i n  c a l o r i c  c o n t e n t ,  w h i l e  m a le s  c y c l e  
s t r o n g l y  (F ig .  14 and T a b l e  3) . These o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  
p a t t e r n s  a r e  n o t  e x c u l s i v e l y  due t o  t h e  r e p r o d u c t i v e  c y c l e .  An 
a l t e r n a t i v e  i n t e r p r e t a t i o n  r e l a t e s  t o  t h e  q u a n t i t y  and q u a l i t y  o f  food
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p ro d u c e d  d u r i n g  t h e  y e a r .  H a u s t o r i i d  am phipods  f e e d  by f i l t e r i n g  o u t  
p a r t i c u l a t e  m a t t e r  f ro m  b e tw e e n  t h e  sand  g r a i n s  (C ro k e r ,  1967a ,b ;  
Sameoto ,  1969a).  The p r i m a r y  food  s o u r c e  f o r  IL_ c a n a d e n s i s  a t  Long 
Sands i s  i n t e r s t i t i a l  p e n n a t e  d i a t o m s .  I t  i s  r e a s o n a b l e  t o  e x p e c t  t h a t  
changes  i n  p r o d u c t i v i t y  o f  t h e  d i a t o m  p o p u l a t i o n  wou ld  a f f e c t  t h e  
amphipod p o p u l a t i o n  f e e d i n g  on i t .
The p r o d u c t i v i t y  o f  e p ip sa m m ic  d i a t o m s  h a s  b e e n  shown t o  be 
p o s i t i v e l y  c o r r e l a t e d  w i t h  i n s o l a t i o n  and t e m p e r a t u r e  (Asmus,  1982; 
Leach ,  1970; P a t m a t m a t ,  1968) ,  b o t h  o f  w h ic h  a r e  m a x im a l  d u r i n g  t h e  
summer. Asmus (1982) found  t h a t  w h i l e  m i c r o a l g a l  p r o d u c t i v i t y  was
g r e a t e s t  d u r i n g  t h e  summer,  p eak  b io m a s s  o c c u r e d  i n  m i d - w i n t e r  u n d e r
i c e  c o v e r .  He a t t r i b u t e d  t h i s  d i f f e r e n c e  t o  g r a z i n g  by t h e  s n a i l  
H y d ro b ia  u l v a e  d u r i n g  t h e  summer.  H igh  e p i p s a m m i c  d i a t o m  p r o d u c t i v i t y ,
i . e .  fo o d  a v a i l a b i l i t y ,  r e s u l t i n g  i n  t h e  a c c u m u l a t i o n  o f  food  s t o r e s  
d u r i n g  t h e  summer,  and t h e  d e c l i n e  i n  t h e s e  r e s e r v e s  d u r i n g  t h e  w i n t e r  
m o n th s ,  may e x p l a i n  t h e  s e a s o n a l i t y  o f  c a l o r i c  c o n t e n t  i n  m a le  H. 
c a n a d e n s i s ,  b u t  n o t  t h e  l a c k  o f  s e a s o n a l i t y  i n  f e m a l e s .
L e t  us  assume t h a t  t h e  s o m a t i c  component  o f  IL_ c a n a d e n s i s  f e m a l e s
e x h i b i t s  c y c l e s  s i m i l a r  t o  t h e  m a l e s .  I n  o r d e r  t o  show a l a c k  of
s e a s o n a l i t y ,  a n o t h e r  c y c l e ,  such  as  o v a r y  d e v e l o p m e n t ,  w i t h  m a x im a l  
v a l u e s  d u r i n g  l a t e  w i n t e r  and m i n i m a l  v a l u e s  d u r i n g  l a t e  summer m u s t  be 
s u p e r i m p o s e d  on t h e  f e m a l e  s o m a t i c  c y c l e .  D ur ing  t h e  au tumn and w i n t e r ,  
f e m a l e s  w h ic h  w ere  t o o  s m a l l  t o  spawn d u r i n g  t h e  p r e v i o u s  summer a r e  
p r e s e n t  in  t h e  p o p u l a t i o n ,  and have  d e v e l o p i n g  o v a r i e s .  The p r e s e n c e  o f  
l i p i d  r i c h  eggs  d u r i n g  t h e  au tumn,  and t h e  c o n t i n u i n g  d e v e l o p m e n t  o f  t h e  
o v a r i e s  d u r i n g  w i n t e r  may ca u s e  damping o f  t h e  d o w n tu rn  i n  s o m a t i c  
c a l o r i c  c o n t e n t  s e e n  i n  t h e  m a l e s .  D ur ing  t h e  summer f e m a l e s  r e l e a s e
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t h e i r  e g g s ,  l o s i n g  t h e  l i p i d  r i c h  s t o r e s  p r e s e n t  i n  them w i t h  a 
r e s u l t a n t  d e c l i n e  in  c a l o r i c  c o n t e n t .  Hence i t  i s  p o s s i b l e  t h a t  t h e  
e f f e c t  o f  t h e s e  two o u t - o f - p h a s e  c y c l e s ,  s o m a t i c  and r e p r o d u c t i v e ,  may 
p ro d u c e  t h e  o b s e r v e d  p a t t e r n s  o f  c a l o r i c  c o n t e n t .  S e a s o n a l  d a t a  on th e  
b i o c h e m i c a l  c o m p o s i t i o n  o f  m a le  and f e m a le  H. c a n a d e n s i s  a lo n g  w i t h  
i n f o r m a t i o n  on f e e d i n g  r a t e s  and d i a t o m  p r o d u c t i v i t y  would  a l l o w  f u r t h e r  
t e s t i n g  o f  t h e s e  i d e a s .
P r o d u c t i o n  E s t i m a t i o n  Methods 
A v a r i e t y  o f  m e th o d s  have  b e e n  d e v e l o p e d  f o r  t h e  e s t i m a t i o n  o f  
s e c o n d a r y  p r o d u c t i o n .  The m os t  f r e q u e n t l y  u s e d  a r e  t h e  i n c r e m e n t  
sum m a t io n ,  r e m o v a l  s u m m a t io n ,  i n s t a n t a n e o u s  g r o w t h ,  A l l e n  c u r v e  ( C r i s p ,  
1971; G i l l e s p i e  and Benke,  1979) ,  and t h e  s i z e  f r e q u e n c y  (H a m i l to n ,
1969; Hynes and Coleman,  1968) m e th o d s .  S e v e r a l  s t u d i e s  have  com pared  
t h e s e  m e thods  in  an a t t e n p t  t o  e l u c i d a t e  t h e  r e l a t i o n s h i p s  b e t w e e n  them. 
Th ree  a p p r o a c h e s  have b e e n  u s e d :  1) a n a l y t i c a l  ( G i l l e s p i e  and Benke,
1979),  2) co m p u te r  s i m u l a t i o n  (Cushman e t  a l . ,  1978) ,  and 3) e m p i r i c a l  
( R i k l i k  and Momot, 1982; W a t e r s ,  1981; W ate rs  and C ra w fo rd ,  1977;
W i l d i s h  and P e e r ,  1981).  G i l l e s p i e  and Benke (1979) i n  d e s c r i b i n g  th e  
m a t h e m a t i c a l  r e l a t i o n s h i p s  b e t w e e n  t h e  c o h o r t  b a s e d  m e thods  ( i n c r e m e n t  
sum m a t io n ,  r e m o v a l  s u m m a t io n ,  i n s t a n t a n e o u s  g r o w t h ,  and t h e  A l l e n  c u rv e )  
showed t h a t  t h e y  w ere  e q u i v a l e n t  i n  t h e i r  c o n t i n u o u s  f o r m s .  Cushman e t  
a l .  (1978) a p p l i e d  a c o m p u te r  s i m u l a t i o n  t o  t h e  i n s t a n t a n e o u s  g r o w t h ,  
r e m o v a l  sum m at ion ,  and s i z e  f r e q u e n c y  m e th o d s .  T h e i r  r e s u l t s  showed 
d i f f e r i n g  s e n s i t i v i t i e s  o f  t h e  t h r e e  m e thods  t o  s a m p l in g  f r e q u e n c y  and 
ty p e  o f  g r o w t h  c u r v e .  They found  t h a t  t h e  r e m o v a l  sum m at ion  m e thod  was 
t h e  l e a s t  s e n s i t i v e  to  ch an g e s  i n  t h e s e  p a r a m e t e r s ,  t h a t  t h e
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i n s t a n t a n e o u s  g r o w t h  m e thod  t e n d e d  t o  u n d e r e s t i m a t e  t h e  t r u e  p r o d u c t i o n ,  
w h i l e  t h e  s i z e  f r e q u e n c y  m e thod  o v e r e s t i m a t e d  i t  by up to  30%. The m a jo r  
d i s c r e p a n c i e s  i n  t h e  i n s t a n t a n e o u s  g r o w th  m e thod  o c c u r e d  when g r o w t h  was 
r a p i d  w i t h  r e g a r d  t o  t h e  s a m p l i n g  i n t e r v a l ,  t h u s  making a s s u m p t i o n s  
a b o u t - t h e  shape  o f  t h e  g r o w t h  c u r v e  e s p e c i a l l y  i m p o r t a n t .
I n s p e c t i o n  o f  t h e  e q u a t i o n s  f o r  t h e  f i r s t  t h r e e  p r o d u c t i o n  me thods  
(page  10) r e v e a l s  s e v e r a l  a s s u m p t i o n s  i n  t h e  d i s c r e t e  f o r m u l a e .  The 
r e m o v a l  sum m a t io n  method  sums t h e  l o s s e s  i n  b io m a s s  due t o  m o r t a l i t y  
( e l i m i n a t i o n )  f ro m  t h e  p o p u l a t i o n  o v e r  t i m e ,  w h i l e  t h e  o t h e r  c o h o r t  
b a s e d  m e th o d s  sum t h e  g a i n s  i n  b io m a s s  ( p r o d u c t i o n )  due t o  g r o w th  
( C r i s p ,  1971; Cushman e t  a l . ,  1978;  W ate rs  and C ra w fo rd ,  1973). Over 
t h e  l i f e  span  o f  a c o h o r t ,  p r o d u c t i o n  s h o u ld  e q u a l  e l i m i n a t i o n .  The 
i n s t a n t a n e o u s  g r o w t h  and i n c r e m e n t  sum m a t io n  m e th o d s  b o t h  i g n o r e  t h e  
shape  o f  t h e  m o r t a l i t y  c u r v e  by a s s u m in g  a c o n s t a n t  abundance .  The 
i n s t a n t a n e o u s  g r o w t h  m e thod  a s s u m es  e x p o n e n t i a l  g r o w th  d u r i n g  t h e  
i n t e r v a l ,  w h i l e  t h e  i n c r e m e n t  sum m at ion  method  assum es  a l i n e a r  i n c r e a s e  
i n  w e i g h t .  The r e m o v a l  sum m a t io n  method  i g n o r e s  t h e  shape  o f  t h e  g r o w t h  
c u r v e ,  and as sum es  a l i n e a r  m o r t a l i t y  f u n c t i o n .  For  t h e s e  r e a s o n s ,  one 
would  e x p e c t  t h e  i n s t a n t a n e o u s  g r o w t h  and i n c r e m e n t  sum m at ion  m e thods  to  
be s e n s i t i v e  t o  changes  i n  t h e  g r o w t h  c u r v e ,  b u t  n o t  t o  changes  i n  
m o r t a l i t y ;  w h e r e a s  t h e  o p p o s i t e  s i t u a t i o n  s h o u ld  h o ld  f o r  t h e  r e m o v a l  
sum m a t io n  me thod .  T h e r e f o r e ,  t h e  s e l e c t i o n  o f  an a p p r o p r i a t e  method f o r  
t h e  e s t i m a t i o n  o f  p r o d u c t i o n  s h o u ld  i n v o l v e  a c o n s i d e r a t i o n  o f  t h e  d a t a  
a s  t h e y  e f f e c t  t h e s e  a s s u m p t i o n s .
W ate r s  (1981) p r o p o s e d  s e v e r a l  m o d i f i c a t i o n s  t o  t h e  s t a n d a r d  
i n s t a n t a n e o u s  g r o w t h  m e thod  i n  an e f f o r t  to  f i n d  a g r e e m e n t  w i t h  t h e  
r e s u l t s  o f  t h e  s i z e  f r e q u e n c y  method  f o r  p r o d u c t i o n  o f  t h e  f r e s h w a t e r
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am phipod Gammarus pseudo  l i m n a e u s .  When t h e  r e s u l t s  f ro m  t h e  s i z e  
f r e q u e n c y  method  a r e  com pared  w i t h  t h e  u n m o d i f i e d  i n s t a n t a n e o u s  g r o w t h ,  
o r  "mean m ass"  m e thod ,  t h e y  o v e r e s t i m a t e  i t  by 60%. W ate r s  b e l i e v e s  
t h i s  t o  be due t o  s i z e  s e l e c t i v e  p r e d a t i o n  on t h e  l a r g e r  am phipods ,  
c a u s i n g  t h e  i n s t a n t a n e o u s  g r o w t h  me thod  t o  u n d e r e s t i m a t e  t h e  t r u e  
p r o d u c t i o n .  However,  i n d i v i d u a l s  w h ich  a r e  removed f rom  t h e  p o p u l a t i o n  
no l o n g e r  add t o  t h e  p o p u l a t i o n ' s  p r o d u c t i o n .  O th e r  s t u d i e s  have  
d i r e c t l y  compared  t h e  p r o d u c t i o n  e s t i m a t e s  f rom  v a r i o u s  m e thods  u s i n g  
f i e l d  d a t a  ( R i k l i k  and Momot, 1982; W a te r s  and C ra w fo rd ,  1973; W i l d i s h  
and P e e r ,  1981).  These  s t u d i e s  com pared  t h e  s i z e  f r e q u e n c y  method  and 
two o r  t h r e e  o f  t h e  o t h e r  m e th o d s .  A greem en t  was found  b e t w e e n  t h e  
c o h o r t  b a s e d  m e thods  i n  a l l  c a s e s ,  w i t h  t h e  s i z e  f r e q u e n c y  method  
t e n d i n g  t o  o v e r e s t i m a t e  t h e  o t h e r s  by 15% t o  25%.
T h i s  s t u d y  com pared  t h e  p r o d u c t i o n  e s t i m a t e s  f rom  f o u r  methods  
(T ab le  4) ;  i n  a d d i t i o n ,  p r o d u c t i o n  was c a l c u l a t e d  on lo g ( x + l )  
t r a n s f o r m e d  d a t a .  The p r o d u c t i o n  e s t i m a t e s  a r e  l o w e r  f o r  t h e  
t r a n s f o r m e d  d a t a  s i n c e  t h e  t r a n s f o r m a t i o n  r e s u l t s  i n  a l o w e r  e s t i m a t e  o f  
abundance .  An i n t e r e s t i n g  o b s e r v a t i o n  i s  t h a t  t h e  r e m o v a l  sum m at ion  
method  a g r e e s  w i t h  t h e  i n c r e m e n t  sum m a t ion  and i n s t a n t a n e o u s  g r o w t h  
m e thods  in  t h e  t r a n s f o r m e d ,  b u t  n o t  i n  t h e  u n t r a n s f o r m e d  d a t a  s e t .  The 
r e m o v a l  sum m a t ion  m e thod ,  a s  d i s c u s s e d  ab o v e ,  i s  s e n s i t i v e  to  
f l u c t u a t i o n s  in  abundance ,  c h a n g in g  t h e  s i g n  o f  t h e  p r o d u c t i o n  e s t i m a t e  
i f  t h e  c o h o r t  abundance  e s t i m a t e  a t  t i m e  i  i s  g r e a t e r  t h a n  a t  t i m e  i - 1 .  
The u s e  o f  t h e  g e o m e t r i c  mean r e d u c e d  t h e  number and a m p l i t u d e  o f  t h e  
f l u c t u a t i o n s ,  hence  im p r o v in g  t h e  a g r e e m e n t  w i t h  t h e  o t h e r  m e th o d s .  The 
i n c r e m e n t  sum m at ion  and i n s t a n t a n e o u s  g r o w t h  m e thods  u s e  t h e  mean o f  t h e  
abundance  e s t i m a t e s  a t  t h e  ends  o f  t h e  i n t e r v a l  f o r  t h e  c a l c u l a t i o n  o f
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p r o d u c t i o n  and t h e r e f o r e  t h e  v a r i a b i l i t y  i n  t h e  abundance  e s t i m a t e s  does  
n o t  c a u s e  a s i m i l a r  p r o b le m  when t h e s e  m e thods  a r e  u s e d .  The c l o s e  
a g r e e m e n t  o f  t h e  i n s t a n t a n e o u s  g r o w t h  and i n c r e m e n t  sum m at ion  m e thods  
i n d i c a t e s  t h a t  t h e  a s s u m p t i o n s  on t h e  shape  of  t h e  g r o w th  c u r v e  a r e  n o t  
v i o l a t e d ,  o r  t h a t  t h e  s a m p l i n g  i n t e r v a l  was s h o r t  enough t o  c o r r e c t  f o r  
any d e v i a t i o n s  f rom t h e  m ode l  a s s u m p t i o n s .
The s i z e  f r e q u e n c y  me thod  sums t h e  l o s s e s  i n  b io m a s s  b e t w e e n  s i z e  
c l a s s e s  o f  an " a v e r a g e "  c o h o r t  and th e n  m u l t i p l i e s  t h i s  v a l u e  by t h e  
number o f  s i z e  c l a s s e s  t o  o b t a i n  t h e  " a v e r a g e  c o h o r t "  p r o d u c t i o n .  Th i s  
c o h o r t  p r o d u c t i o n  e s t i m a t e  m us t  t h e n  be d i v i d e d  by t h e  l i f e s p a n  o f  t h e  
c o h o r t ,  o r  c o h o r t  p r o d u c t i o n  i n t e r v a l  (CPI) ,  t o  o b t a i n  t h e  a n n u a l  
p r o d u c t i o n  of  t h e  p o p u l a t i o n .  I f  t h e  number o f  s i z e  c l a s s e s  i s  
d e t e r m i n e d  i n c o r r e c t l y  o r  em pty  s i z e  c l a s s e s  a r e  c o u n t e d  t h i s  m e thod  may 
r e s u l t  i n  an  o v e r e s t i m a t i o n  o f  p r o d u c t i o n  ( W a t e r s ,  1979).  I n  t h e  
p r e s e n t  s t u d y  w here  18 s i z e  c l a s s e s  w ere  u s e d ,  t h e  e l i m i n a t i o n  o f  2 s i z e  
c l a s s e s  wou ld  r e s u l t  i n  a d e c r e a s e  i n  t h e  p r o d u c t i o n  e s t i m a t e  o f  
a p p r o x i m a t e l y  10%. I n  g e n e r a l ,  i t  may be s a f e  t o  assume t h a t  t h e  s i z e  
f r e q u e n c y  method  w i l l  t e n d  t o  o v e r e s t i m a t e  p r o d u c t i o n  by a b o u t  20% t o  
50%.
P r o d u c t i o n
H a u s t o r i u s  c a n a d e n s i s  has  an a v e r a g e  a n n u a l  p r o d u c t i o n  o f  100.1
gm(AFDW) m E x p r e s s e d  on a p e r  s q u a r e  m e t e r  b a s i s  t h i s  i s  1.25
_o _i . —2 —1gm(AFDW) m y r  o r  a p p r o x i m a t e l y  1.6 gm(dry  w t )  m y r  w h ich  i s
s i m i l a r  to  t h e  a n n u a l  p r o d u c t i o n  r e p o r t e d  f o r  A m p e l i s c a  b r e v i c o r n i s
[1.31 -  1.68 gm(dry w t )  m- ^ yr""'''] and U ro th o e  b r e v i c o r n i s  [1.33 -  1.89
_ 2  _ i
gm(dry  w t )  m y r  ] on t h e  I s l e  o f  Mann ( H a s t i n g s ,  1981),  and  a b o u t
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—2 - It h r e e  t i m e s  t h a t  o f  b r e v i c o r n i s  [0.5 gmCdry w t )  m y r  ] in  
H e lg o l a n d  B i g h t  ( K le in  e t  a l . ,  1975).  The p r o d u c t i o n  v a l u e  f a l l s  a t  t h e  
lo w e r  end o f  t h e  r a n g e  o f  p r o d u c t i o n  c a l c u l a t e d  f o r  B a l t i c  p o p u l a t i o n s
O — 1
o f  P o n t o p o r e i a  f e m o r a t a  and P;. a f f i n i s  [1.44 -  4.69 gmCdry w t )  m y r  ] 
( C e d e r w a l l ,  1977).  The p r o d u c t i o n  o f  a b i v o l t i n e  p o p u l a t i o n  o f  
Corophium v o l u t a t o r  on t h e  w e s t  c o a s t  o f  Sweden v a r i e d  b e t w e e n  1.14 and 
8.47 gm(AFDW) m- ^ y r~^  (MBlle r  and R o s e n b e rg ,  1982).
The r a t i o  o f  a n n u a l  p r o d u c t i o n  to  mean b io m a s s  (P/B) o f f e r s  a 
c o n v e n i e n t  me thod  f o r  c o m p a r in g  r e l a t i v e  p r o d u c t i v i t i e s  o f  p o p u l a t i o n s  
( A n s e l l  e t  a l . ,  1978). The a n n u a l  P /B  r a t i o  c a l c u l a t e d  f o r  1L_ c a n d e n s i s  
(1.48) i s  w i t h i n  t h e  r a n g e  o b s e r v e d  f o r  o t h e r  am phipods  w i t h  t w o - y e a r  
l i f e  s p a n s .  I n  t h e  B a l t i c ,  P o n t o p o r e i a  a f f i n i s  and Pj_ f e m o r a t a .  b o t h  
w i t h  t w o - y e a r  l i f e  s p a n s ,  have  a v e r a g e  P/B r a t i o s  o f  1.90 and 1.43,  
r e s p e c t i v e l y  ( C e d e r w a l l ,  1977).  I n  Nova S c o t i a ,  w here  I\_ f e m o r a t a  has  
an a n n u a l  l i f e  h i s t o r y ,  W i l d i s h  and P e e r  (1981) c a l c u l a t e d  P /B  r a t i o s  o f  
3.64 t o  4.78.  A m p e l i s c a  b r e v i c o r n i s .  w i t h  a o n e - y e a r  l i f e  sp an ,  h a s  a 
P / B  r a t i o  o f  f r o m  3 .05  t o  4 .0  ( H a s t i n g s ,  1 9 8 1 ;  K l e i n  e t  a l . ,  1 9 7 5 ) .  
H a s t i n g s  (1981) a l s o  l i s t e d  v a l u e s  o f  0.94 t o  1.58 f o r  U ro thoe  
b r e v i c o r n i s  w i t h  a t w o - y e a r  l i f e  c y c l e .  A b i v o l t i n e  p o p u l a t i o n  o f  
Corophium v o l u t a t o r  i n  Sweden had an a v e r a g e  a n n u a l  P/B r a t i o  o f  8.2 
(MBlle r  and R osenberg ,  1982).
Among t h e  f a c t o r s  i n f u l e n c i n g  t h e  a n n u a l  P/B r a t i o ,  l i f e  h i s t o r y  
a p p e a r s  t o  be  t h e  m os t  i m p o r t a n t .  Mann (1967,  i n  R o b e r t s o n ,  1979) 
p ro p o s e d  t h e  f o l l o w i n g  r e l a t i o n s h i p  b e t w e e n  t h e  a n n u a l  P/B r a t i o  and 
l i f e  span .  A u n i v o l t i n e  s p e c i e s  s h o u ld  have  an a n n u a l  P/B r a t i o  o f  
a b o u t  5, f o r  a m u l t i v o l t i n e  s p e c i e s  t h e  r a t i o  s h o u ld  be a round  10,  and 
f o r  a s p e c i e s  w i t h  a t w o - y e a r  l i f e  span  t h e  P/B r a t i o  s h o u ld  be a ro u n d
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2. W a te r s  (1969,  1979) s t a t e d  t h a t  t h e  c o h o r t  P/B r a t i o s  f o r  m os t  
f r e s h - w a t e r  i n v e r t e b r a t e s  f a l l  b e t w e e n  3 and 5. When t h e  c o h o r t  P/B 
r a t i o s  a r e  c o n v e r t e d  t o  a n n u a l  P/B r a t i o s  by d i v i s i o n  by t h e  c o h o r t  
p r o d u c t i o n  i n t e r v a l  (CPI) (W a t e r s ,  1979) ,  t h e  a n n u a l  P/B r a t i o s  f i t  t h e  
p a t t e r n .  R o b e r t s o n  (1979)  a n a l y s e d  t h e  r e s u l t s  o f  49 s t u d i e s  d e a l i n g  
w i t h  a n n u a l  P/B  r a t i o s  and l i f e  spans  o f  m a r i n e  i n v e r t e b r a t e s  and found 
a s i g n i f i c a n t  r e l a t i o n s h i p  b e t w e e n  t h e  v a r i a b l e s  w h ic h  y i e l d e d  s i m i l a r  
r e s u l t s .  Banse and M osher  (1980) have  s u g g e s t e d  t h e  use  o f  body mass  a t  
m a t u r i t y ,  r a t h e r  t h a n  l i f e  s p a n ,  a s  a p r e d i c t o r  o f  t h e  a n n u a l  P/B r a t i o .  
Among t h e  r e a s o n s  f o r  s u g g e s t i n g  t h i s  p a r a m e t e r ,  i s  t h a t  i t  i s  more  
e a s i l y  d e t e r m i n e d  f o r  a  p o p u l a t i o n  t h a n  i s  l i f e  span .  A lso  i t  i s  
i n d e p e n d e n t  o f  s am p le  s i z e  and t h e  g r o w th  and m o r t a l i t y  p a t t e r n s  o f  t h e  
p o p u l a t i o n .  Using  t h i s  r e l a t i o n s h i p  t h e  p r e d i c t e d  P/B r a t i o  f o r  H. 
c a n a d e n s i s  i s  3.0 ,  t w i c e  t h e  v a l u e  d e t e r m i n e d  f rom  t h e  f i e l d  d a t a  and 
more  s u g g e s t i v e  o f  an a n n u a l  l i f e  h i s t o r y .  A d raw b ack  t o  t h i s  m e thod  i s  
t h a t  i f  t h e  s i z e  a t  m a t u r i t y  i s  f i x e d ,  o r  l i m i t e d  t o  a n a r r o w  r a n g e  f o r  
a s p e c i e s ,  t h e n  t h e  c a l c u l a t e d  P/B r a t i o  s h o u l d  be a p p r o x i m a t e l y  
c o n s t a n t ,  r e g a r d l e s s  o f  t h e  amount o f  t i m e  t a k e n  t o  r e a c h  m a t u r i t y  o r  
t h e  t o t a l  l i f e  span .  I f  a s p e c i e s  g row s  r a p i d l y  t o  r e p r o d u c t i v e  
m a t u r i t y ,  and t h e n  c e a s e s  g r o w t h  and a l l o c a t e s  i t s  a v a i l a b l e  e n e r g y  to  
r e p r o d u c t i o n ,  t h i s  m e thod  wou ld  t e n d  t o  u n d e r e s t i m a t e  t h e  P/B r a t i o .  
M o r t a l i t y  f a c t o r s  a l s o  a p p e a r  to  be i m p o r t a n t ;  s i z e - s e l e c t i v e  p r e d a t i o n  
o r  m o r t a l i t y  can  e f f e c t  b o t h  t h e  p r o d u c t i o n  and b io m a s s  o f  t h e  
p o p u l a t i o n .  A second  f a c t o r  t h a t  may i n f l u e n c e  t h e  a n n u a l  P/B r a t i o  i s  
t h e  l a r g e  s c a l e  t h e r m a l  r e g i m e  o f  t h e  a n i m a l .  A n s e l l  e t  a l .  (1978) 
com pared  t h e  e l i m i n a t i o n  to  mean b io m a s s  (E/B) and P/B  r a t i o s  of  
t r o p i c a l ,  t e m p e r a t e  and b o r e a l  s p e c i e s  and found d i f f e r e n c e s  o f
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a p p r o x i m a t e l y  one o r d e r  o f  m a g n i t u d e  b e t w e e n  t h e  r e l a t i v e  p r o d u c t i v i t i e s  
o f  a n i m a l s  i n  a d j a c e n t  b i o g e o g r a p h i c  z o n e s .  They a t t r i b u t e d  t h e s e  
d i f f e r e n c e s  t o  t h e  f a s t e r  g r o w t h ,  s h o r t e r  l i f e  spans  and h i g h e r  
m e t a b o l i c  r a t e s  o f  t h e  o r g a n i s m s  i n h a b i t i n g  t h e  w armer  r e g i o n s .
The p a t t e r n s  o f  p r o d u c t i o n  o f  IL_ c a n a d e n s i s  a r e  m a r k e d ly  s e a s o n a l ;  
b e t w e e n  3.5 and 10 t i m e s  as much b io m a s s  i s  p ro d u c e d  d u r i n g  t h e  summer 
a s  d u r i n g  t h e  w i n t e r .  T h i s  p r o d u c t i o n  o c c u r s  when t h e  s u r f  t e m p e r a t u r e s  
a r e  g r e a t e r  t h a n  10°C. O th e r  s t u d i e s  have a l s o  shown s e a s o n a l  p a t t e r n s  
o f  p r o d u c t i o n  and e l i m i n a t i o n .  K l e i n  e t  a l .  (1975) found t h a t  m o s t  o f  
t h e  e l i m i n a t i o n  f rom  an A m p e l i s c a  b r e v i c o r n i s  p o p u l a t i o n  i n  t h e  
H e lg o la n d  B ig h t  ( B a l t i c  Sea) o c c u r e d  b e t w e e n  O c to b e r  and December a f t e r  
t h e  r e c r u i t m e n t  o f  j u v e n i l e s  i n t o  t h e  p o p u l a t i o n .  H a s t i n g s  (1981) a l s o  
worked  on Aj_ b r e v i c o r n i s ,  b u t  on t h e  I s l e  o f  Man. H is  d a t a  i n d i c a t e  
maximum p r o d u c t i o n  v a l u e s  d u r i n g  t h e  summer,  w h i l e  e l i m i n a t i o n  i n c r e a s e d  
d u r i n g  t h e  f a l l  and w i n t e r .  The summer g e n e r a t i o n  o f  Corophium 
v o l u t a t o r  a c c o u n t s  f o r  m o s t  o f  t h e  s p e c i e s  a n n u a l  p r o d u c t i o n  on t h e  w e s t  
c o a s t  o f  Sweden (M Blle r  and R o s e n b e rg ,  1 9 8 2 ) .
The c o h o r t  p r o d u c t i o n  r a t e  shows two t o  t h r e e  p eak s  o v e r  t h e  l i f e  
span  o f  a coho*:;'.. T he re  i s  a s m a l l  p eak  e a r l y  on due t o  t h e  g r o w t h  o f  
t h e  j u v e n i l e s .  F o l l o w i n g  t h i s ,  t h e  m a j o r  p eak  i n  c o h o r t  p r o d u c t i o n  
o c c u r s  d u r i n g  t h e  f i r s t  summer a f t e r  r e c r u i t m e n t ;  a n o t h e r  s m a l l e r  and 
more v a r i a b l e  p eak  may o c c u r  d u r i n g  t h e  second  summer.  When a l l  t h r e e  
peaks  o c c u r  d u r i n g  a summer,  t h e  f i r s t  peak  i s  due t o  t h e  t w o - y e a r - o l d  
c o h o r t .  T h i s  i s  f o l l o w e d  c l o s e l y  by t h e  o n e - y e a r - o l d s  and f i n a l l y  in  
t h e  l a t e  summer by t h e  n e w ly  h a t c h e d  j u v e n i l e s .
The r e l a t i o n s h i p  b e t w e e n  s o m a t i c  p r o d u c t i v i t y  and r e p r o d u c t i v e  
o u t p u t  change  w i t h  t h e  age  o f  t h e  c o h o r t .  At age  0 t h e  c o h o r t  h a s  a low
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p r o d u c t i v i t y  and no r e p r o d u c t i v e  o u t p u t .  When t h e  c o h o r t  r e a c h e s  one 
y e a r  o f  age  t h e  p r o d u c t i v i t y  r e a c h e s  i t s  maximum and  t h e  r e p r o d u c t i v e  
o u t p u t  i s  h i g h .  At age  tw o ,  r e p r o d u c t i v e  o u t p u t  r e m a i n s  h i g h ,  b u t  
p r o d u c t i v i t y  d r o p s  t o  a low and v a r i a b l e  v a l u e .  The f o l l o w i n g  
c o n c l u s i o n s  a r e  s u g g e s t e d  by t h e s e  o b s e r v a t i o n s .  Most  o f  t h e  s o m a t i c  
p r o d u c t i o n  and g r o w th  o c c u r s  when t h e  c o h o r t  i s  o n e - y e a r - o l d  o r  l e s s .  
D ur ing  t h e  second  y e a r  l i t t l e  e n e r g y  i s  a l l o c a t e d  t o  g r o w t h ,  f e m a l e s  
o n l y  grow 1 mm (F ig .  5) ,  w h i l e  p o r p o r t i o n a t e l y  more  e n e rg y  i s  g i v e n  
t o w a r d s  r e p r o d u c t i o n  and r e s p i r a t i o n .
V. SUMMARY
1) A p o p u l a t i o n  o f  H a u s t o r i u s  c a n a d e n s i s  was s t u d i e d  a t  Long Sands 
be a c h  in  s o u t h e r n  Maine o v e r  a  p e r i o d  o f  45 m o n th s .  The p o p u l a t i o n  was 
s am p led  m o n t h l y  t h r o u g h o u t  t h e  y e a r ;  d u r i n g  t h e  f i r s t  two summers t h e  
s a m p l in g  f r e q u e n c y  was i n c r e a s e d  t o  e v e r y  two weeks  i n  o r d e r  t o  o b t a i n  a 
b e t t e r  u n d e r s t a n d i n g  o f  t h e  r e p r o d u c t i v e  c y c l e  o f  t h e  amphipod.
2) I n  s o u t h e r n  Maine ,  |L_ c a n a d e n s i s  has  a m ixed  a n n u a l / b i a n n u a l  l i f e  
h i s t o r y ,  w i t h  a p p r o x i m a t e l y  o n e - h a l f  r e p r o d u c i n g  a f t e r  one y e a r  and t h e  
r e m a i n d e r  d u r i n g  t h e  second  y e a r .  T h i s  p a t t e r n  c o n t r a s t s  w i t h  t h e  
a n n u a l  l i f e  h i s t o r y  o b s e r v e d  by  Samaeoto  (1969a)  on t h e  s o u t h e r n  s i d e  o f  
Cape Cod.
3) H a u s t o r i u s  c a n a d e n s i s  has  a minimum s i z e  a t  m a t u r i t y  o f  
a p p r o x i m a t e l y  6  mm. The i n a b i l i t y  o f  a segm en t  o f  t h e  p o p u l a t i o n  to  
r e a c h  t h i s  s i z e  d u r i n g  t h e  f i r s t  y e a r  due to  t h e  l o w e r  e n v i r o n m e n t a l  
t e m p e r a t u r e s  was s u g g e s t e d  as  t h e  r e a s o n  f o r  t h e  d e v e l o p m e n t  o f  t h e  
mixed  l i f e  h i s t o r y .  I f  f o r  some r e a s o n  1L_ c a n a d e n s i s  i s  u n a b l e  t o  
o v e r w i n t e r  t o  r e p r o d u c e  t h e  second  y e a r ,  t h e  p o p u l a t i o n  w ou ld  be 
e l i m i n a t e d  w i t h i n  one t o  two y e a r s .
4) Males  t e n d  t o  be s m a l l e r  t h a n  f e m a l e s ,  and  become s e x a b l e  a t  a 
l e n g t h  o f  a b o u t  2 . 1  mm, w h i l e  f e m a l e s  c a n n o t  be d i s t i n g u i s h e d  u n t i l  t h e y  
r e a c h  a l e n g t h  o f  3.25 mm. The sex  r a t i o  r e m a i n s  c l o s e  t o  1:1 
t h r o u g h o u t  t h e  l i f e  span  o f  a c o h o r t .
5) The c a l o r i c  c o n t e n t  o f  m a le  IL_ c a n a d e n s i s  e x h i b i t s  a s e a s o n a l  
c y c l e ,  h a v i n g  m a x im a l  v a l u e s  d u r i n g  t h e  l a t e  summer and m i n i m a l  v a l u e s  
d u r i n g  w i n t e r .  F e m a le s  do n o t  show a s e a s o n a l  c y c l e .  The s o m a t i c  
componen t  o f  m a le s  and f e m a l e s  i n c r e a s e s  d u r i n g  t h e  summer due t o  t h e  
i n c r e a s e d  p r o d u c t i v i t y  o f  b e n t h i c  d i a t o m s .  The r e p r o d u c t i v e  component
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o f  c a l o r i c  c o n t e n t  i n  f e m a l e s  c y c l e s  o u t  o f  p h a s e  w i t h  t h e  s o m a t i c  
com ponen t ,  h a v i n g  i t s  maximum v a l u e  i n  l a t e  s p r i n g  p r i o r  t o  
r e p r o d u c t i o n .  The r e s u l t  o f  t h e  two o u t  o f  p h a s e  c y c l e s  i s  t h a t  no 
c l e a r  p a t t e r n  i n  c a l o r i c  c o n t e n t  can be o b s e r v e d  i n  f e m a l e s .
6 ) P r o d u c t i o n  o f  Ih_ c a n a d e n s i s  a v e r a g e s  100.1 g m ( a s h - f r e e )  m * y 
P r o d u c t i v i t y  i s  h i g h l y  s e a s o n a l ;  p r o d u c t i o n  d u r i n g  t h e  summer b e i n g  4.5 
t i m e s  t h a t  d u r i n g  t h e  w i n t e r .
7) The p r o d u c t i o n  r a t e  o f  a c o h o r t  shows 2 o r  3 p eak s  o v e r  t h e  c o h o r t s  
l i f e  span ;  t h e  i n i t i a l  j u v e n i l e  peak ,  a m a j o r  p eak  d u r i n g  t h e  f i r s t  
summer and a  v a r i a b l e  m in o r  p e a k  d u r i n g  t h e  second  summer.  Most o f  t h e  
c o h o r t  p r o d u c t i o n  o c c u r s  d u r i n g  t h e  f i r s t  summer a f t e r  r e c r u i t m e n t ,  
w h i l e  r e p r o d u c t i o n  i s  s p r e a d  o v e r  t h e  f i r s t  and second  summers.
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APPENIDCES
APPENDIX A
L e n g t h - f r e q u e n c y  d a t a  f o r  H a u s t o r i u s  c a n a d e n s i s .  T a b l e  e n t r i e s  a r e  t h e  
p e r c e n t a g e  o f  t h e  s i z e  and sex  c l a s s  i n  t h e  p o p u l a t i o n .  Sex c l a s s e s  a r e  
d e s i g n a t e d  as  f o l l o w s :  m a l e s ,  M; n o n - r e p r o d u c t i v e  f e m a l e s ,  F; f e m a l e s  
w i t h  s e t i g e r o u s  o o s t i g i t e s ,  S; o v i g e r o u s  f e m a l e s ,  0; and j u v e n i l e s ,  J .  
L e n g th s  a r e  t h e  m i d - p o i n t  o f  0 . 5  mm g r o u p s .
14 Nov 78 n=401 12 Dec 78 n==507
l e n g t h M F S 0 J M F S 0 J
1 .25 — - — — — — — — — —
1.75 - - - - - - - - -
2 .25 - - - 0 . 2 - - - - 0 . 2
2 .7 5 0 . 2 - - 0 . 5 0 . 6 - - - 2 . 2
3 .2 5 2 .5 0 . 7 - 2 . 2 2 . 6 1 . 0 - - 3 . 4
3 . 7 5 5 . 2 3 . 5 -  - 2 . 0 6 .5 5 .5 - - 2 . 4
4 . 2 5 8 . 5 4 . 7 -  - 1 . 2 8 .9 7 .9 - - 0 . 6
4 . 7 5 8 . 7 6 .7 - 0 . 2 5 .5 7 . 5 - - -
5 .2 5 5 . 5 7 . 0 - - 5 .3 4 . 3 - - -
5 .7 5 6 .7 5 .5 - - 6 . 5 2 . 6 - - -
6 .2 5 4 , 2 4 . 5 _ - 4 . 3 4 . 3 - - -
6 .7 5 3 . 5 7 .5 - - 4 . 5 3 . 7 - - -
7 .2 5 1 . 2 2 .7 - - 2 . 0 2 . 6 - - -
7 .7 5 0 .7 2 .5 - - 1 . 4 2 . 0 - - -
8 .2 5 0 . 2 0 . 5 - - - 1 . 2 - - -
8 .7 5 - 0 . 2 - - 0 . 4 0 . 2 - - -
25 Feb 79 n==211 23 Mar 79 n==165
l e n g t h M F S 0 J M F S 0 J
1 .25 — — — — — — — — — —
1 .75 - - - - - - - - - -
2 .2 5 - - - - 0 . 5 - - - - 0 . 6
2 .75 - - - - 4 . 7 - - - - 1 . 8
3 .2 5 4 . 7 - - - 8 . 5 1 . 8 - - - 3 . 6
3 . 7 5 7 .1 2 . 4 - - 7 .1 9 . 7 2 . 4 - - 6 . 1
4 .2 5 8 . 5 7 . 6 - - 1 .9 7 .9 8 . 5 - - 1 . 8
4 . 7 5 4 . 7 7 .1 - - - 7 .9 8 . 5 - - -
5 .25 2 . 8 4 . 7 - - - 5 .5 6 . 1 - - -
5 .7 5 6 . 6 0 . 5 - - - 4 . 8 4 . 8 - - -
6 .2 5 3 . 8 0 . 9 - - - 2 . 4 3 . 6 - - -
6 .7 5 1 .9 2 . 4 - - - 1 . 8 3 . 0 - - -
7 .2 5 2 . 8 3 . 3 - - - 0 . 6 4 . 8 - - -
7 .7 5 0 . 5 2 . 4 - - - - 0 . 6 - - -
8 .2 5 0 . 5 1 . 4 - - - - - - - -
8 .7 5 0 . 5 - - - - - - - - -
88
89
26 Apr 79 n==243 11 May 79 n=
l e n g t h M F S 0 J M F S
1 .2 5 - - - - - - — —
1 .7 5 - - - - - - - —
2 .2 5 - - - - - - - -
2 .7 5 - - - - 0 . 4 - - -
3 . 2 5 - - - - 0 . 4 0 . 8 - -
3 . 7 5 5 .3 2 .9 - - 2 .9 3 . 8 - -
4 . 2 5 7 . 4 7 . 0 - - 1 . 2 1 2 . 6 7 .3 -
4 . 7 5 8 . 2 10 .7 - - - 10 .7 1 2 . 2 -
5 .2 5 5 . 8 7 . 4 - - - 8 . 4 5 . 0 -
5 .7 5 7 . 4 4 . 5 - - - 8 . 0 5 .7 -
6 .2 5 7 . 8 2 . 1 - - - 3 . 8 2 .3 1 . 1
6 .7 5 2 . 9 5 .3 - - - 1 .5 1 .9 0 . 8
7 .2 5 0 . 8 5 .3 - - - 0 . 8 1 .9 0 . 8
7 . 7 5 0 . 8 1 . 6 - - - 0 . 4 - 0 . 4
8 .2 5 - 1 . 6 - - - - - -
8 . 7 5 - - - - - 0 . 4 - -
0 . 4






l e n g t h M F S 0 J M F S 0 J
1 .2 5 - - - - — — — — — —
1 .7 5 - - - - - - - — — —
2 .2 5 - - - - - - - — — —
2 . 7 5 - - - - - - - - - “
3 . 2 5 0 . 5 - - - - - - - - 0 .3
3 . 7 5 1 .9 - - - 1 .9 1 .3 0 .3 - - 0 .3
4 . 2 5 4 . 4 1 .5 - - 1 .5 2 .5 1 . 6 - - 1 .3
4 . 7 5 1 1 . 2 5 .3 0 . 5 - 1 .5 8 . 2 3 . 5 - - -
5 .2 5 13 .6 9 .7 - - - 12 .3 1 0 .4 - - -
5 .7 5 5 . 8 4 . 9 - 0 . 5 - 1 2 .3 9 .5 0 .9 - 0 .3
6 .2 5 7 .3 3 . 9 1 . 0 0 . 5 - 4 . 1 6 .3 0 .3 1 .3 -
6 . 7 5 3 . 4 1 .9 1 .9 3 . 4 - 4 . 4 2 . 2 0 .9 3 . 2 -
7 .2 5 - 0 . 5 1 . 0 4 . 4 - 2 .5 0 . 6 0 . 6 2 . 8 -
7 . 7 5 1 .5 0 .5 0 . 5 1 .5 - 1 .3 - 0 .3 3 . 2 -
8 .2 5 1 . 0 0 .5 - 0 . 5 - - - - 0 .3 -
8 . 7 5 - - - - - 0 . 3 - - - —
9 .2 5 - - - 0 . 5 - - - - - -
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I 20 J u n  79 n= 133 02 J u l  79 n= 159
1 l e n g t h M F S 0 J M F S 0
1 .2 5 - - - - - - - - -
? 1 .7 5 - - - - 0 . 8 - - - -
2 .2 5 - - - - - - - - -
iI 2 .7 5 - - - - - - - - -
!
! 3 .2 5 - -  ■ - - - - - - -
i 3 . 7 5 - - - - 0 . 8 0 . 6 - - -
j
j 4 . 2 5 2 .3 2 .3 - - 0 . 8 3 .1 0 . 6 - -
j
j 4 . 7 5 6 . 8 3 . 0 - - - 1 0 . 1 4 . 4 0 . 6 -
1 5 .2 5 11 .3 13 .5 - 2 .3 - 10 .7 6 . 9 0 . 6 0 . 6
!
i 5 .7 5 9 . 0 13 .5 0 . 8 0 . 8 - 9 . 4 6 .3 1 .3 3 . 8
1
; 6 .2 5 4 . 5 3 . 8 2 .3 3 . 8 - 5 . 0 5 . 0 2 .5 2 .5
6 .7 5 7 .5 1 .5 2 .3 0 . 8 - 6 .3 2 .5 3 .1 2 .5
7 .2 5 0 . 8 - 0 . 8 - - 2 .5 0 . 6 0 . 6 0 . 6
7 .7 5 - - 2 .3 - - 1 .9 - - -
8 .2 5 - 0 . 8 0 . 8 - - - - - -







16 J u l  79 n=353 13 Aug 79 n=270
l e n g t h M F S 0 J M F S 0 J
1 .2 5 - - - - 0 . 6 - - - - -
1 .7 5 - - - - 1 0 . 2 - - - - 0 . 4
2 .2 5 0 .3 - - - 1 0 . 8 0 . 4 - - - 8 . 5
2 .7 5 - - - - 18.1 4 . 8 - - - 8 .5
3 . 2 5 - - - - 0 . 8 9 .3 0 . 4 - - 1 2 . 6
3 . 7 5 - - - - - 7 . 8 - - - 6 .3
4 . 2 5 0 . 8 0 .3 - - - 0 . 4 0 .7 - - 0 . 7
4 . 7 5 4 . 5 1 . 1 - - - 1 .9 - - - -
5 . 2 5 6 . 5 1 .7 0 . 8 - - 4 . 8 1 . 9 - - -
5 .7 5 1 1 . 6 2 .5 2 . 5 0 .3 - 4 . 1 2 . 6 0 . 4 - -
6 .2 5 3 .1 2 . 0 1 .7 2 .5 - 2 . 6 4 . 1 1 . 1 1 . 1 -
6 . 7 5 2 .5 0 . 6 2 . 8 2 . 8 - 2 . 2 1 . 5 1 . 1 1 . 1 -
7 .2 5 1 . 4 1 . 4 0 . 8 1 . 1 - 2 . 2 1 . 1 1 .9 - -
7 . 7 5 1 . 1 0 . 8 0 . 3 0 . 6 - 0 . 4 0 . 7 1 . 1 - -
8 .2 5 0 .3 - 0 . 3 - - - 0 . 4 0 . 4 - -
8 . 7 5 - - - - - - 0 . 4 0 . 4 - -
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28 Aug 79 n=401 19 Sep 79 n=281
l e n g t h M F S 0 J M F S 0
1 .25 - - - - 9 . 0 - - - -
1 .7 5 - - - - 5 .7 - - - -
2 .25 - - - - 1 1 . 0 - - - -
2 .7 5 0 . 7 - - - 1 5 .2 1 . 8 - - -
3 . 2 5 4 . 7 - - - 6 . 5 6 . 0 - - -
3 . 7 5 5 . 5 0 . 2 - - 5 .5 7 .1 4 . 6 - -
4 . 2 5 1 .7 - - - 3 . 5 8 . 5 6 . 0 - -
4 . 7 5 0 . 7 - - - 0 . 2 2 . 8 5 .3 - -
5 .2 5 3 . 2 0 .7 - - - 4 . 6 1 .4 - -
5 .7 5 3 . 7 1 . 2 0 . 2 - - 7 . 8 1 . 8 - -
6 .2 5 3 . 5 2 .7 1 . 2 - - 4 . 6 5 .0 0 . 4 -
6 . 7 5 2 . 5 2 .5 0 . 7 0 .7 - 4 . 3 2 . 8 0 . 4 0 . 4
7 .2 5 1 .7 2 . 2 0 . 7 - - 1 . 4 1 . 1 0 .7 -
7 .7 5 - 0 .5 - 0 . 2 - - 2 . 1 0 . 4 -
8 .2 5 - - 0 . 2 - - 0 . 4 0 .7 - -
8 . 7 5 0 . 2 0 . 2 0 . 2 - - - - 0 . 4 -
1 . 4  
3 . 6
7 . 5  
4 .3  
0 . 4
12 Nov 79 n=294 13 J a n  80 n=289
l e n g t h M F S 0 J M F S 0 J
1 .25 - — — — — — — — — -
1.75 - - - - - - - - — —
2 .2 5 - - - - 0 .3 0 .3 - - - -
2 .7 5 0 . 3 - - - 3 .1 0 . 3 - - - 0 .7
3 . 2 5 2 . 4 0 .3 - - 2 . 4 1 . 4 - - - 3 . 5
3 . 7 5 3 . 4 1 . 4 - - 0 .7 4 . 2 2 . 1 - - 2 . 4
4 . 2 5 7.1 5 .1 - - 0 .3 9 . 3 4 . 8 - - 0 . 3
4 . 7 5 1 1 . 6 8 . 5 - - - 8 . 3 6 . 6 - - -
5 .2 5 6 . 5 7 .5 - - - 13 .5 6 .9 - - -
5 .7 5 8 . 2 2 .7 - - - 4 . 2 3 . 5 - - -
6 .2 5 6 . 1 2 . 4 - - - 3 . 8 2 . 4 - - -
6 . 7 5 4 . 4 3 . 4 - - - 3 . 1 3 . 5 - - -
7 .2 5 1 .7 5 .4 - - - 4 . 8 2 . 8 - - -
7 .7 5 1 .7 1 . 0 - - - 1 . 4 1 . 0 - - -
8 .2 5 - 1 . 4 - - - 1 . 4 2 . 1 - - -
8 .7 5 - 0 .3 - - - - 1 . 4 - - -
9 .2 5 - - - - - - - - - -
9 . 7 5 - 0 .3 - - - - - - - -
92
24 Feb 80 n==163 24 Mar 80 n==264
l e n g t h M F S 0 J M F S 0
1 .25 - - - - - - - — —
1 .7 5 - - - - - - - — -
2 .25 - - - - - - - - -
2 .7 5 0 . 6 - - - 2 .5 1 . 1 - - -
3 .2 5 2 .5 - - - 4 . 3 2 .3 - - -
3 . 7 5 4 . 9 1 . 2 - - 1 . 8 5 .7 1 .9 - -
4 . 2 5 14 .7 6 . 1 - - 0 . 6 13 .6 6 . 1 - -
4 . 7 5 1 2 .9 11 .7 - - - 1 0 . 6 4 . 5 - -
5 .2 5 5 . 5 9 . 8 - - - 5 .7 8 . 0 - -
5 .7 5 3 . 1 1 . 8 - - - 4 . 2 5 .7 - -
6 .2 5 4 . 9 1 . 2 - - - 3 . 4 1 .9 - -
6 .7 5 2 .5 1 . 2 - - - 3 . 8 4 . 5 - -
7 .2 5 - 2 .5 - - - 3 . 0 3 . 0 - -
7 .7 5 0 . 6 1 . 2 - - - 0 . 8 1 .5 - -
8 .2 5 - 1 . 2 - - - - - - -
8 . 7 5 - 0 . 6 - - - - - - -





l e n g t h M F S 0 J M F S 0 J
1 .25 - - - - - - - — — —
1.7 5 - - - - - - - - - -
2 .25 - - - - - - - - - -
2 .7 5 0 . 3 - - - 1 . 0 - - - - -
3 . 2 5 1 . 4 - - - 2 .7 1 . 6 - - - 1 .
3 . 7 5 3 . 7 1 .7 - - 1 .7 1 . 6 - - - 1 .
4 . 2 5 8 . 4 5 .7 - - - 4 . 3 4 . 3 - - 1 .'
4 . 7 5 1 2 . 2 10 .5 - - - 1 4 . 4 1 0 . 2 - - -
5 .2 5 6 . 8 1 0 . 1 - - - 1 0 . 2 1 3 .4 - - -
5 .7 5 5 .7 4 . 4 - - - 3 . 7 1 1 . 8 0 .5 - -
6 .2 5 4 . 1 3 . 7 - - - 4 . 3 4 .3 - 0 . 5 -
6 .7 5 2 .7 0 .7 - - - 3 . 2 1 . 6 - - -
7 .2 5 2 .7 3 . 4 - - - - 2 . 1 - 0 . 5 -
7 .7 5 0 . 7 2 . 4 - - - 0 . 5 - - 1 . 6 -
8 .2 5 0 .7 1 . 0 - - - 1 . 1 0 .5 - - -
8 . 7 5 0 . 3 1 . 0 - - - - - - - -
9 .2 5 - - - - - - - - - -
9 . 7 5 - 0 .3 - - - - - - - -
93
26 May 80 n= 286 09 J un  80 n= 276
l e n g t h M F S 0 J M F S 0 J
1 .2 5 - - - - - - - - - -
1 .7 5 - - - - - - - - - -
2 .2 5 - - - - - - - - - -
2 .7 5 - - - - - - - - - -
3 . 2 5 1 . 4 - - - - 0 . 4 - - - 1 . 1
3 . 7 5 2 . 4 0 .3 - - 2 . 4 2 .9 - - - 0 .7
4 . 2 5 7 .7 2 . 8 - - 0 .7 6 . 2 1 . 8 - - 0 .7
4 . 7 5 1 3 .6 1 2 . 2 - - - 1 3 .0 5 .1 - - -
5 .2 5 8 . 4 1 0 . 1 - - - 1 7 .4 7 . 6 - - -
5 . 7 5 6 . 6 9 .1 0 . 7 1 . 0 - 6 . 9 7 . 2 0 . 4 0 . 4 -
6 . 2 5 3 . 5 3 .1 - 2 . 4 - 2 . 2 6 .9 1 . 1 1 . 4 -
6 . 7 5 2 . 4 0 . 3 0 . 7 - - 3 . 6 1 . 1 1 . 1 1 . 1 -
7 .2 5 1 . 4 0 .7 - 1 . 4 - 1 . 8 - 0 . 4 2 .9 -
7 .7 5 0 . 3 0 .3 0 .7 2 . 8 - 1 . 4 0 . 7 0 . 7 1 . 4 -
8 . 2 5 - - - - - - - - 0 . 4 -
23 Jun  80 n=401 07 J u l  80 n=226
l e n g t h M F S 0 J M F S 0 J
1 .25 - - - - 0 . 2 - - - - -
1 .75 - - - - 6 . 0 - - - - 0 .9
2 .25 - - - - 7 . 0 - - - - 3 .1
2 .7 5 - - - - - - - - - 0 .9
3 .2 5 0 . 5 - - - - - - - - 0 . 4
3 . 7 5 - - - - - 0 . 4 - - - 0 . 4
4 .2 5 2 . 2 - - - - 1 . 8 - - - -
4 . 7 5 1 1 . 2 4 . 0 - - - 5 . 8 3 . 1 0 . 9 - 0 . 4
5 .2 5 1 5 .0 5 .5 - - - 1 6 .8 4 . 0 - 0 .9 -
5 .7 5 1 2 . 2 4 . 7 0 . 5 1 .5 - 1 3 . 1 3 . 5 1 . 8 2 . 2 -
6 .2 5 7 . 2 2 . 0 2 . 5 4 . 7 - 5 . 8 4 . 9 3 . 1 2 . 7 -
6 .7 5 3 . 0 0 .7 0 . 7 1 .7 - 4 . 4 2 . 2 0 . 9 1 . 8 -
7 .2 5 1 .7 - 0 . 7 0 .7 - 3 . 1 0 . 4 2 .7 - -
7 .7 5 0 . 2 - 0 . 7 0 .7 - 1 .3 0 . 4 2 . 2 - -
8 .2 5 0 . 5 0 . 2 0 . 5 0 . 5 - 0 . 4 - 2 . 2 - -
8 .7 5 - - - - - - - 0 . 4 - -
94
21 J u l  80 n=:283 04 Aug; 80 n= 288
l e n g t h M F s 0 J M F S 0 J
1 .25 - — - - — — — — — —
1 .7 5 - - - - 6 .7 - - - - 5 .9
2 .2 5 0 .7 - - - 1 0 . 2 - - - - 14 .9
2 .7 5 6 . 7 - - - 1 1 . 0 0 . 7 - - - 5 .2
3 . 2 5 0 . 4 - - - - 4 . 2 - - - 4 . 9
3 . 7 5 - - - - - 1 . 0 - - - 1 . 0
4 . 2 5 1 . 1 - - - - - - - - -
4 . 7 5 4 . 2 - - - - 4 . 5 0 . 3 - - -
5 .2 5 9 . 5 2 . 1 - 0 . 4 - 8 . 0 1 . 4 - - -
5 .7 5 8 . 8 6 . 7 1 . 4 1 . 4 - 1 1 . 8 6 . 3 0 . 7 0 .7 -
6 .2 5 4 . 2 2 . 8 2 . 8 2 .5 - 5 . 2 5 . 2 1 .7 2 . 4 -
6 .7 5 4 . 9 1 . 4 1 . 1 2 .5 - 4 . 2 2 . 8 0 . 7 1 . 0 -
7 .2 5 0 . 7 0 .7 - 1 . 8 - 0 . 7 1 . 0 - 0 .3 -
7 .7 5 0 . 4 0 . 7 - 1 . 8 - 1 . 0 0 .7 0 .3 0 . 7 -
8 .2 5 - - 0 . 4 - - 0 . 3 - - - -
18 Aug; 80 n=!236 20 Sep 80 n=332
l e n g t h M F s 0 J M F S 0 J
1 .25 - — - - - — — — — —
1 .75 - - - - 1 .7 - - - - -
2 .25 - - - - 8 .9 - - - - 3 .9
2 .7 5 6 . 8 - - - 3 . 4 0 . 6 - - - 3 . 3
3 .2 5 5 .9 - - - 6 . 8 3 . 6 - - - 4 . 2
3 . 7 5 5 .9 1 .7 - - 3 . 4 4 . 8 0 .3 - - 6  . 6
4 .2 5 - 1 .7 - - - 7 . 8 2 . 1 - - 6 . 0
4 . 7 5 1 .3 - - - - 3 . 9 3 . 6 - - 0 . 6
5 .25 1 0 . 2 1 .7 - - - 7 . 2 0 . 6 - - -
5 .7 5 7 .6 4 . 7 - - - 1 0 . 2 2 .7 - - -
6 .2 5 5 .9 6 . 4 3 . 8 0 . 8 - 3 . 3 6 . 9 1 . 2 - -
6 .7 5 1 .7 2 . 5 - 1 .3 - 2 .7 4 . 2 0 .9 - -
7 .25 1 .7 0 . 8 0 . 8 - - 3 . 0 0 . 9 1 .5 - -
7 .7 5 0 . 4 - 0 . 8 - - 0 . 3 0 . 6 0 .3 - -
8 .25 0 . 4 - 0 . 4 0 . 4 - 0 . 3 0 . 6 0 . 3 - -
8 .7 5 - - - - - 0 . 6 - - - -
95
18 Oct 80 n=310 16 Nov 80 n=330
l e n g t h M F S 0 J M F S 0
1 .25 — - - - — — — — —
1.7 5 - - - - - - - - -
2 .25 - - - - 0 . 6 - - - -
2 .7 5 0 .3 - - - 1 .3 - - - -
3 . 2 5 1 .3 - - - 2 .3 0 . 6 - - -
3 . 7 5 4 . 2 - - - 3 . 2 3 . 0 - - -
4 . 2 5 8 . 4 4 . 2 - - 1 . 6 6 . 7 1 . 2 - -
4 . 7 5 6 . 8 2 . 6 - - 0 . 6 1 0 . 0 4 . 8 - -
5 .2 5 6 . 5 6 . 8 - - - 6 . 4 7 .3 - -
5 .7 5 1 0 . 0 2 . 6 - - - 7 .9 2 .7 - -
6 .2 5 8 . 1 5 .2 - - - 7 . 6 5 .8 - -
6 . 7 5 3 . 9 7 .1 1 .3 - - 5 .5 7 .9 - -
7 .2 5 1 .9 3 . 2 0 .3 - - 0 . 6 8 . 2 - -
7 .7 5 1 . 6 1 . 6 0 . 6 - - 1 . 2 0 .9 - -
8 . 2 5 0 .3 0 .3 0 . 3 - - - 0 .3 - -
8 .7 5 0 .3 0 .3 0 . 3 - - 0 . 6 - - -
17 J a n  81 n=187 18 Feb 81 n=224
l e n g t h M F S 0 J M F S 0
1 .25 — - - — — — — — —
1 .7 5 - - - - - - - - -
2 .2 5 - - - - - - - - -
2 .7 5 - - - - - - - - -
3 .2 5 1 . 1 - - - 1 . 1 0 . 4 - - -
3 . 7 5 1 . 6 - - - 2 . 1 4 . 0 0 . 4 - -
4 . 2 5 3 . 2 2 . 1 - - 2 .7 4 . 5 3 . 6 - -
4 . 7 5 5 .9 7 . 5 - - 1 . 6 8 . 5 7 .1 - -
5 .2 5 4 . 8 4 . 8 - - - 4 . 0 12 .5 - -
5 .7 5 8 . 6 5 .3 - - - 8 . 0 7 .1 - -
6 .2 5 10 .7 4 . 3 - - - 9 . 4 7 .1 - -
6 .7 5 8 . 0 5 .3 - - - 3 . 6 5 . 8 - -
7 .2 5 1 . 1 12 .3 - - - 1 . 8 4 . 0 - -
7 .7 5 - 2 .7 - - - 0 .9 0 . 4 - -
8 .2 5 1 . 6 1 . 6 - - - 0 . 4 - - -
8 . 7 5 - - - - - 0 . 4 0 . 4 - -















18 Mar 81 n=176 20 Apr 81 n=214
l e n g t h M F S 0 J M F S 0 J
1 .25 - - - - - - - - - -
1 .75 - - - - - - - - - —
2.25 - - - - - - - - - -
2 .7 5 - - - - 0 . 6 - - - - 0 . 5
3 . 2 5 2 . 8 - - - - 0 . 9 - - - 2 . 8
3 . 7 5 4 . 5 0 . 6 - - 4 . 0 1 .9 - - - 5 .1
4 . 2 5 6 . 8 1 .7 - - 2 . 8 6 . 1 3 . 7 - - 2 .3
4 . 7 5 16 .5 5 .1 - - 0 . 6 10 .3 6 . 5 - - -
5 .2 5 8 . 5 4 . 0 - - - 8 .9 6 . 1 - - -
5 .7 5 6 . 3 5 .7 - - - 7 . 5 3 . 7 - - -
6 .2 5 5 .1 6 . 3 - - - 8 . 4 5 .6 - - -
6 .7 5 4 . 0 4 . 0 - - - 3 . 3 5 .6 - - -
7 .2 5 3 . 4 2 . 8 - - - 1 . 4 5 .1 - - -
7 .7 5 0 . 6 2 .3 - - - 1 . 4 2 .3 - - -
8 .2 5 - 1 . 1 - - - 0 .5 - - - -
24 May 81 n=169 23 Jun  81 n=349
l e n g t h M F S 0 J M F S 0 J
1 .25 - — — - - - — - — —
1 .75 - - - - - - - - - 24 .1
2 .25 - - - - - - - - - 26 .6
2 .7 5 - - - - - - - - - -
3 .2 5 - - - - 1 . 2 - - - - -
3 . 7 5 1 . 8 0 . 6 - - 0 . 6 - - - - -
4 .2 5 7 .1 0 . 6 - - - 0 .3 0 . 6 - - -
4 . 7 5 7 .1 4 . 1 - - - 2 .9 0 .3 - - -
5 .25 1 0 . 1 2 . 4 - - - 6 . 6 2 .9 0 . 9 - -
5 .7 5 1 3 .0 9 .5 - 0 . 6 - 6 .9 4 . 3 0 . 6 0 . 9 -
6 .2 5 8 . 3 5 .3 1 . 8 3 . 0 - 4 . 3 3 . 2 1 .7 1 .7 -
6 .7 5 4 . 7 0 . 6 1 . 2 3 . 6 - 2 .9 0 . 6 2 . 0 2 . 0 -
7 .25 1 . 2 0 . 6 1 . 2 5 .9 - 0 .3 - 1 . 4 0 . 6 -
7 .7 5 0 . 6 - - 2 . 4 - - - 0 .9 - -
8 .2 5 - - 0 . 6 0 . 6 - 0 .3 - 0 . 6 - -
97
16 J u l  81 n= 277 23 Aug 81 n= 371
leng  t h M F S 0 J M F S 0
1 .25 - - - - - - - - -
1 .7 5 - - - - 5 . 4 - - - -
2 .25 0 . 4 - - - 14 .8 - - - -
2 .7 5 5 .1 - - - 1 6 .6 1 . 6 - - -
3 .2 5 - - - - 1 . 1 5 . 4 - - -
3 . 7 5 - - - - - 8 . 1 0 . 8 - -
4 . 2 5 0 . 4 - - - - 1 . 6 1 .3 - -
4 . 7 5 2 .5 0 . 4 - - - 1 . 1 0 . 5 - -
5 .2 5 5 .8 2 . 5 0 . 7 - - 2 .7 0 . 5 - -
5 .7 5 7 . 9 3 . 2 1 . 4 0 . 4 - 4 . 9 1 . 1 0 .3 -
6 . 2 5 5 .1 1 .4 3 . 2 1 . 4 - 5 .1 2 . 4 0 . 3 0 . 8
6 .7 5 2 .9 1 . 4 2 . 2 2 .5 - 1 . 6 1 . 6 1 . 6 0 . 5
7 .2 5 1 . 8 1 . 1 3 . 2 1 . 8 - 1 . 1 0 . 8 0 . 8 0 . 5
7 .7 5 0 . 7 - 0 . 4 1 . 1 - 0 . 8 1 . 1 0 . 8 -
8 .2 5 - - - 0 .7 - 0 .3 0 . 5 0 .3 -







20 Sep 81 n=353 18 Oct 81 n=329
leng  t h M F S 0 J M F S 0
1 .25 - - - - - - - - -
1 .7 5 - - - - 1 . 1 - - - -
2 .2 5 0 .3 - - - 6 . 2 - - - -
2 .7 5 0 . 6 - - - 7 . 4 0 . 6 - - -
3 .2 5 5 .1 - - - 5 .9 2 .7 0 .3 - -
3 . 7 5 6 . 5 1 . 1 - - 5 .7 7 . 0 0 . 6 - -
4 . 2 5 8 . 2 5 . 4 - - 2 .3 1 0 . 0 4 . 0 - -
4 . 7 5 2 . 0 5 .1 - - 0 .3 6 . 7 11 .9 - -
5 .25 3 . 1 1 .7 - - - 1 . 2 4 . 0 - -
5 .7 5 4 . 0 1 . 4 - - - 4 . 9 4 . 3 - -
6 . 2 5 4 . 5 3 .1 0 . 3 - - 3 . 3 0 . 6 - -
6 .7 5 4 . 5 5 .7 1 .7 - - 2 . 4 3 . 0 - -
7 .2 5 1 . 1 2 . 0 - - - 1 . 2 1 . 2 0 . 6 -
7 .7 5 0 .3 1 . 1 0 . 8 - - 0 . 9 1 . 8 - -
8 .2 5 0 .3 0 . 8 0 .3 - - 0 . 9 0 . 9 0 .3 -




5 .5  
5 . 2
3 . 6  
0 .3
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08 Nov 81 n==440 20 Dec 81 n==345
l e n g t h M F S 0 J M F S 0
1 .25 - - - - - - - - -
1 .7 5 - - - - 0 . 5 - - - -
2 .25 - - - - 1 . 1 - - - -
2 .75 0 . 5 - - - 4 . 3 - - - -
3 .2 5 0 .9 - - - 3 . 9 2 .3 - - -
3 . 7 5 5 . 5 0 . 5 - - 3 . 6 4 . 3 0 .3 - -
4 . 2 5 10 .9 2 .3 - - 2 . 5 1 1 .9 3 . 2 - -
4 . 7 5 9 . 8 7 .3 - - 0 .7 1 5 . 4 8 . 7 - -
5 .2 5 5 . 2 6 . 6 - - - 5 . 2 8 . 4 - -
5 .7 5 4 . 5 2 .5 - - - 2 . 0 2 .9 - -
6 .2 5 4 . 8 0 .9 - - - 5 . 8 2 . 0 - -
6 .7 5 4 . 8 5 . 2 - - - 4 . 3 2 . 0 - -
7 .2 5 2 .7 3 . 9 - - - 1 . 4 2 . 6 - -
7 .7 5 0 . 5 2 .7 - - - 0 . 3 0 . 6 - -
8 .25 - 1 . 4 - - - 0 . 3 0 .9 - -
8 .7 5 - 0 . 2 - - - - 0 . 6 - -
21 Feb 82 n=293 14 Mar 82 n=226
l e n g t h M F S 0 J M F S 0
1 .25 - - - - - - - - -
1 .7 5 - - - - - - - - -
2 .25 - - - - - - - - -
2 .7 5 0 .3 - - - 0 . 7 - - - -
3 . 2 5 0 .7 - - - 0 . 3 4 . 0 - - -
3 . 7 5 7 . 5 1 .7 - - 2 .7 4 . 0 2 .7 - -
4 . 2 5 1 0 . 2 4 . 8 - - 2 . 0 1 1 . 1 1 2 . 8 - -
4 . 7 5 1 3 .3 1 0 . 6 - - 0 .3 1 2 . 4 6 . 2 - -
5 .2 5 3 . 4 7 . 8 - - - 2 .7 6 . 6 - -
5 .7 5 5 .1 3 . 4 - - - 7 .1 1 . 8 - -
6 .2 5 5 .5 3 . 8 - - - 5 . 8 3 . 5 - -
6 .7 5 2 . 4 3 . 1 - - - 0 . 9 3 . 1 - -
7 .2 5 2 . 0 3 . 8 - - - 2 . 2 4 . 9 - -
7 .7 5 1 . 4 1 .7 - - - 0 . 4 1 .3 - -
8 .2 5 - 1 . 4 - - - 0 . 9 0 .9 - -
0 .3
2 .3  
2 .0  
3 . 8
4 . 3  








24 Apr 82 n=294 15 May 82 n=248
le ng  t h M F S 0 J M F S 0 J
1 .25 - - - - - — - — — —
1 .7 5 - - - - - - - - - -
2 .25 - - - - - - - - - -
2 .7 5 0 . 3 - - - 0 .7 - - - - 0 . 4
3 . 2 5 1 . 4 - - - 0 .7 1 . 2 0 . 4 - - -
3 . 7 5 3 . 7 0 .7 - - 3 . 7 4 . 8 1 . 6 - - 2 . 8
4 .2 5 10 .9 5 . 8 - - 2 .7 11 .3 4 . 8 - - 2 . 0
4 .7 5 17 .3 8 . 8 - - 0 .3 1 2 .5 8 . 1 - - 0 . 4
5 .25 6 . 5 6 . 8 - - - 7 .7 12 .5 0 . 8 - -
5 .75 3 . 7 4 . 8 - - - 3 . 2 2 . 4 0 . 8 - -
6 .2 5 3 . 7 2 . 4 - - - 3 . 6 0 . 8 2 . 0 0 . 4 -
6 .7 5 3 . 4 2 . 4 - - - 2 . 8 2 . 4 - 0 . 8 -
7 .2 5 0 .3 3 . 4 - - - 2 . 0 - 0 . 8 2 . 0 -
7 .7 5 1 . 0 2 . 0 - - - 0 . 8 0 . 4 0 . 8 1 . 2 -
8 .25 0 .3 0 .3 - - - 0 . 4 - - 0 . 4 -
8 .7 5 - 1 .7 - - - - 0 . 4 - - -
24 Jun  82 n=331
l e n g t h M F S 0 J
1 .25 - - - - 2 . 1
1 .7 5 - - - - 2 4 .2
2 .25 - - - - 1 1 . 8
2 .7 5 - - - - -
3 . 2 5 - - - - -
3 . 7 5 0 . 3 - - - -
4 . 2 5 1 . 2 0 .3 - - -
4 .7 5 7 .3 1 . 8 0 . 3 - -
5 .25 8 . 8 3 . 9 0 .3 - -
5 .75 7 .9 3 . 9 0 . 3 1 . 2 -
6 .2 5 3 .3 2 .7 1 . 2 2 . 1 -
6 .7 5 2 .7 0 . 6 0 . 9 2 . 4 -
7 .2 5 1 .5 - 1 .5 0 .9 -
7 .75 0 .9 0 . 3 0 . 9 0 . 6 -
8 .2 5 0 .3 - 0 .3 - -
8 .7 5 0 . 6 - 0 .3 - -
9 .2 5 - - 0 .3 - -
APPENDIX B
C om par ison  o f  mean l e n g t h s  and s e x  r a t i o s  f o r  t h e  1977 t h r o u g h  1981 
c o h o r t s  o f  H a u s t o r i u s  c a n a d e n s i s  a t  Long Sands ,  Maine .  The mean l e n g t h s  
w e re  com pared  u s i n g  a t - t e s t ,  and t h e  sex  r a t i o s  by C h i - s q u a r e .  
S i g n i f i c a n c e  l e v e l s  a r e  d e s i g n a t e d  a s  f o l l o w s :  *,  p<.05;  **,  pC.Ol; ***,  
p < . 0 0 1 ; n s ,  n o t  s i g n i f i c a n t .
Leng th  ( S . E . )  Numbers
D ate Cohor t Males Females Males F emales
14 Nov 78 77 5 .77 .09 3 ) 6 . 6 4 .0 8 4 )* * * 104 87 ns
78 4 . 2 4 .06 4 ) 4 . 7 3 .0 7 2 )* * * 8 6 98 ns
1 2 Dec 78 77 5 . 8 4 .08 5 ) 6 .5 9 .0 9 6 )* * * 153 9 4  **
78 4 . 0 2 .054) 4 . 3 8 .0 5 0 )* * * 93 123 *
25 Feb 79 77 5 .87 .152) 7 .2 8 .1 2 8 )* * * 52 2 2  **
78 3 . 9 2 .07 4 ) 4 . 6 9 . 0 7 2 )* * * 42 47 ns
23 Mar 79 77 5 .43 .1 4 5 ) 6 . 6 2 .1 3 1 )* * * 34 25 ns
78 4 . 0 4 .0 9 4 ) 4 .7 1 . 0 8 4 )* * * 38 45 ns
26 Apr 79 77 5 .8 2 .0 9 1 ) 7 .07 . 1 0 0 )*** 71 40 **
78 4 . 2 8 .066 ) 4 .8 1 . 0 6 7 )* * * 42 78***
11 May 79 77 5 .33 .098 ) 6 . 1 0 . 1 1 6 )* * * 93 5 7  **
78 4 . 3 5 .0 5 5 ) 4 .6 1 .0 4 3 )* * * 41 50 ns
23 May 79 77 5 .5 9 .127 ) 6 .71 . 1 1 2 )*** 73 57 ns
78 4 . 9 9 .06 1 ) 5 . 0 8 . 0 7 0 )  ns 31 37 ns
06 Jun 79 77 5 .89 .114) 7 .3 5 .0 8 4 )* * * 8 6 27 **
78 5 .2 5 .059) 5 .71 .0 6 4 )* * * 70 125 **
2 0 Jun 79 77 — 8 .03 .173 ) _ 6
78 5 .63 . 1 0 2 ) 5 .67 .0 7 7 )  ns 56 6 8  ns
0 2 J u l 79 78 5 .69 . 1 1 0 ) 5 . 8 8 .0 8 3 )  ns 80 72 ns
16 J u l 79 78 5 .7 5 .0 7 6 ) 6 .33 .0 8 2 )* * * 113 96 ns
13 Aug 79 78 5 .8 8 . 1 2 2 ) 6 .4 8 .1 3 3 )  ** 50 60 ns
79 3 . 3 0 .0 5 3 ) - 60 -
28 Aug 79 78 6 . 0 2 . 1 0 4 ) 6 .6 9 .0 9 7 )* * * 65 59 ns
79 3 . 5 5 .055 ) - 49 -
19 Sep 79 78 5 . 9 4 .091) 6 .6 1 . 1 2 6 )* * * 71 50 ns
79 3 . 7 9 .066 ) 4 . 4 8 .0 4 7 )* * * 6 8 31 **
100
101
1 2 Nov 79 78 6 . 1 9 . 1 0 0 ) 7 .01 .1 3 0 )* * * 67 47 ns
79 4 . 5 9 .0 7 8 ) 4 . 8 0 .0 6 6 )  * 90 70 ns
13 J a n 80 78 7 . 2 2 .103) 7 .0 5 .1 5 5 )  ns 32 43 ns
79 4 . 8 5 .072 ) 4 . 8 2 .07 6 )  ns 130 64 **
24 Feb 80 78 6 .2 7 .138) 7 .33 .2 1 9 )* * * 17 13 ns
79 4 . 4 2 .073 ) 4 .8 3 . 0 6 9 )* * * 6 8 50 n s
24 Mar 80 78 6 .6 7 .103 ) 7 . 0 4 .0 8 7 )  ** 32 24 ns
79 4 .4 7 .0 6 7 ) 5 .03 .0 8 4 )* * * 1 1 1 74 **
14 Apr 80 78 6 . 2 2 . 1 4 3 ) 7 . 2 2 .1 7 0 )* * * 54 36 ns
79 4 .6 1 .0 6 9 ) 4 . 9 4 .0 6 0 )* * * 93 97 ns
13 May 80 78 5 . 4 4 .16 8 ) 7 . 4 0 .1 4 0 )* * * 51 1 0 **
79 4 . 8 7 .05 3 ) 5.31 .0 6 6 )* * * 33 8 6 **
26 May 80 78 5 .2 6 .0 9 8 ) 7 . 5 8 .0 6 0 )* * * 103 17 **
79 4 . 6 5 .05 3 ) 5 .33 .0 5 8 )* * * 34 124 **
09 Jun 80 78 7 . 0 2 .10 8 ) 7 .56 .0 8 5 )* * * 2 0 14 ns
79 5 .0 0 .05 3 ) 5 .71 . 0 7 5 )* * * 134 1 0 1 *
23 Jun 80 78 — 7 . 9 8 .086 ) _ 1 0
79 5 . 5 4 .052) 5 .87 .0 6 3 )* * * 214 1 2 2 **
07 J u l 80 78 — 7 .9 6 . 1 2 0 ) — 1 2
79 5 .71 .0 7 5 ) 6 . 0 0 .0 8 3 )  ** 1 2 1 79 **
21 J u l 80 79 5 .6 9 .076 ) 6 . 3 2 . 0 7 7 )* * * 96 8 6 ns
80 2 . 7 2 .038 ) - 2 2 -
04 Aug 80 79 5 .7 9 .0 7 5 ) 6 .2 7 .0 7 2 )* * * 104 76 *
80 3 . 2 5 .065 ) - 16 -
18 Aug 80 79 5 .83 .08 9 ) 6 .3 5 .0 8 7 )* * * 70 58 **
80 3 . 2 2 .063 ) 4 . 0 0 .0 9 5 )* * * 44 8 **
2 0 Sep 80 79 5 .56 .09 8 ) 6 . 5 4 .0 8 0 )* * * 126 69 **
80 3 .8 1 .082) 4 . 5 4 .0 7 2 )* * * 35 2 0 *
18 Oct 80 79 5 .63 .092) 6 . 7 2 .0 9 0 )* * * 139 75 **
80 4 .1 3 .073) 4 .8 7 .0 8 0 )* * * 27 40 ns
16 Nov 80 79 5 .8 0 .08 9 ) 6 . 8 2 .0 5 7 )* * * 119 79 **
80 4 . 4 4 .071) 5 .0 8 .0 5 8 )* * * 46 50 ns
17 J a n 81 79 6 .0 6 .099 ) 7 . 1 4 . 0 7 6 )* * * 72 46 *
80 4 . 2 9 .155 ) 5 .1 8 ,0 9 3 )* * * 15 40 **
18 Feb 81 79 5 . 8 8 .117 ) 6 . 3 4 . 1 0 5 )  ns 82 56 *
80 4 . 3 0 .104 ) 5 .03 .0 7 1 )* * * 2 2 53 **
102
18 Mar 81 79 6 . 7 5 ( . 1 1 7 ) 6 .4 7 .1 4 2 )  ns 2 0 40 **
80 4 . 7 9 ( . 0 8 3 ) 4 . 9 7 .1 3 9 )  ns 83 19 **
20 Apr 81 79 6 .1 3 ( . 1 3 2 ) 6 . 6 9 .0 9 4 )* * * 47 46 ns
80 4 . 8 9 ( . 0 9 2 ) 4 . 8 8 .0 7 5 )  ns 61 37 *
24 May 81 79 5 .6 5 ( . 0 8 6 ) 6 .5 3 .1 0 8 )* * * 80 56 *
80 4 . 1 9 ( . 0 7 3 ) 5 .41 .1 8 7 )* * * 11 19 ns
23 Jun 81 79 6 . 3 2 . 1 2 2 ) _ 54
80 5 .73 ( . 0 7 5 ) 5 .9 8 .0 9 0 )  * 85 33 **
16 J u l 81 80 5 .8 8 ( . 0 8 7 ) 6 . 5 0 .0 9 0 )* * * 75 82 ns
81 2 . 7 2 ( . 0 3 3 ) - 15 —
23 Aug 81 80 6 . 0 4 ( . 1 0 8 ) 6 .7 5 .1 0 6 )* * * 6 8 53 ns
81 3 . 5 2 ( . 0 5 1 ) 4 .17 .1 1 4 )* * * 60 1 0 **
2 0 Sep 81 80 6 .1 7 ( . 0 9 1 ) 6 .7 9 .0 8 9 )* * * 64 63 ns
81 3 .8 6 ( . 0 6 2 ) 4 . 5 0 .0 5 9 )* * * 79 45 **
18 Oct 81 80 6 .1 7 ( . 1 3 5 ) 6 . 1 4 .1 6 2 )  ns 54 63 ns
81 4 . 1 0 ( . 0 5 8 ) 4 . 7 0 .0 4 0 )* * * 84 49 **
08 Nov 81 80 6 .44 ( . 0 7 1 ) 7 .1 9 .0 7 7 )* * * 74 64 ns
81 4 .4 7 ( . 0 5 0 ) 4 .9 6 .0 5 3 )* * * 146 83 **
2 0 Dec 81 80 6 .51 ( . 0 8 0 ) 6 .8 3 .1 5 9 )  ns 47 36 ns
81 4 .4 9 ( . 0 4 7 ) 4 . 9 4 .0 5 2 )* * * 137 75 **
21 Feb 82 80 6 . 2 2 ( . 1 0 8 ) 6 .8 5 .1 1 9 )* * * 55 45 ns
81 4 . 3 7 ( . 0 5 3 ) 4 .8 3 .0 5 9 )* * * 97 78 ns
14 Mar 82 80 5 . 8 2 ( . 1 3 9 ) 6 .8 3 . 1 2 2 )*** 55 35 *
81 4 . 2 8 ( . 0 7 4 ) 4 . 5 6 .062 )  * 61 64 ns
24 Apr 82 80 5 .3 5 ( . 1 3 4 ) 6 .9 6 .1 5 6 )* * * 82 43 **
81 4 . 5 8 ( . 0 4 3 ) 4 .8 7 .064 )* * * 73 72 ns
15 May 82 80 6 .4 9 ( . 1 4 0 ) 7 .0 6 .1 3 3 )  ** 31 29 ns
81 4 .5 6 ( . 0 6 0 ) 4 .9 7 .0 6 8 )* * * 94 80 ns
25 Jun 82 80 6 .53 ( . 1 7 0 ) 6 .8 9 .16 9 )  ns 37 33 ns
81 5 .25 ( . 0 6 4 ) 5 .8 0 .0 9 1 )* * * 78 57 ns
APPENDIX C
C a l o r i c  C o n t e n t s  o f  S e l e c t e d  M ar ine  I n v e r t e b r a t e s
S p e c i e s  D ate  Mean S.D. N %Ash S.D. N S i t e
Marinogammarus f i n m a r c h i c u s
J u l y  81 319 3 .7  400 18 3 9 . 9  0 .27  4 O.P .
Psammonvx n o b i l i s
Mar.  82 2871 .9  7 6 .5  6 -  L . S .
A m ph ipo re ia  v i r g i n i a n a
Nov. 81 4 3 7 5 .7  18 .3  4 -  L . S .
Dec.  82* 3 9 67 .9  -  1 2 8 .6  -  1 L . S .
A c a n t h o h a u s t o r i u s  m i l l s i
Dec.  82 3 7 3 9 .8  86 .1  3 2 9 .9  -  1 L .S .
C h i r i d o t e a  c a e c a
J u l y  82 2825 .3  51 .1  3 4 7 . 2  1 . 2  2 L . S .
P y g i o s p i o  s e t o s a
May 82 4 7 4 0 .3  1 9 7 .0  3 1 8 .3  -  1 L . S .
Nepthys  b u c e r a
Dec.  82 4 6 6 7 .7  148 .7  4 1 6 .9  0 . 4 4  3 L . S .
S i t e  Codes
O.P .  O rd io n e s  P o i n t ,  P o r t s m o u t h ,  N.H.
L . S .  Long Sands Beach,  Y ork ,  Me.
g r e a t e r  t h a n  1 . 5  months  be tw een  p e l l e t  p r e p a r a t i o n  and co m b u s t io n
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